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UHVXOWHGIURPWKHGHYHORSPHQWDQGYDOLGDWLRQRISURFHVVPRGHOVXQGHUVXFK
FRQGLWLRQVDQGLQIDUPLQJV\VWHPVWKDWGLIIHUIURPWKRVHLQ(DVW$IULFD7KH
JUHDWHUFDUERQVHTXHVWUDWLRQWKDQSUHYLRXVO\PRGHOOHGPD\DOVREHH[SODLQHG
E\ WKH VHYHUHO\ HURGHG (WKLRSLDQ VRLOV WKDW DUH VWLOO IDU IURP WKH FDUERQ
HTXLOLEULXPW\SLFDOIRUUHFHQWO\LQWURGXFHGDJURHFRORJLFDOSUDFWLFHV
)URP WKH UHVXOWV LW FDQ EH FRQFOXGHG WKDW WKH PRVW LPSRUWDQW PHDQV
SHUFHLYHG DV HQKDQFLQJ IRRG VHFXULW\ WKURXJK FOLPDWH FKDQJHPLWLJDWLRQ LV
LPSURYLQJ IRRG DYDLODELOLW\ IRU IRRGLQVHFXUH FRPPXQLWLHV WKURXJK VRLO
FDUERQ VHTXHVWUDWLRQ E\ DJULFXOWXUDO SUDFWLFHV 'HYHORSPHQW RI WKH
LQIUDVWUXFWXUHRILQWHUQDOIRRGPDUNHWVLVUHTXLUHGWRHQKDQFHDFFHVVWRIRRG
DWWKHKRXVHKROGUHJLRQDODQGQDWLRQDOOHYHOV
)LQDQFLDO FRPSHQVDWLRQ IRU FDUERQ VHTXHVWUDWLRQ HQDEOHV DQG SURPRWHV
VPDOOKROGHUV WR DGRSW FDUERQVHTXHVWHULQJ SUDFWLFHV ,QFRPH IURP WKH
LQFUHDVHG DPRXQW RI PDUNHWHG FURSV D UHVXOW RI LQFUHDVHG DJULFXOWXUDO
SURGXFWLYLW\LVDOVRQHHGHGWRHQKDQFHDFFHVVWRIRRGDWWKHKRXVHKROGOHYHO
6RFLRHFRQRPLF GHWHUPLQDQWV VXFK DV SROLF\ FRKHUHQFH IRU SURPRWLQJ
PLWLJDWLRQDQGIRRGVHFXULW\VXSSRUWLQJJRYHUQDQFHFOHDUODQGWHQXUHHDUO\
DFFHVVWRILQDQFLDO LQFHQWLYHVDQGNQRZOHGJHRIWKHFDUERQPDUNHWSOD\WKH

PRVW LPSRUWDQW UROHV LQ WKH SRWHQWLDO RI PLWLJDWLRQ IRU HQKDQFLQJ IRRG
VHFXULW\
7KHPDMRUORVVHVRIFDUERQIURPIDUPLQJV\VWHPVDUHJDVHRXVRULJLQDWLQJ
PDLQO\ IURP ELRPDVV EXUQLQJ DQG IURP OLYHVWRFN PHWDEROLVP 7KH
SURSRUWLRQRIFDUERQXVHGIRUHQHUJ\GHWHUPLQHVWKHSURSRUWLRQHQGLQJXSLQ
VRLO(QHUJ\VRXUFHVDOWHUQDWLYHWRPDQXUHDQGVWUDZDUHQHHGHGWRLQFUHDVH
WKHIORZRIFDUERQWRVRLODQGWRUHGXFHHPLVVLRQV0DWHULDOIORZDQDO\VLVLVD
XVHIXO WRRO IRU WUDFNLQJ IORZV DQG ORVVHV RI KDUYHVWHG DQG LPSRUWHG FDUERQ
ZKHQPHDVXUHPHQWRIJDVHRXVFDUERQORVVHVLVQRWIHDVLEOH
7KHVRLOFDUERQVHTXHVWUDWLRQSRWHQWLDOLQ(WKLRSLDQDJULFXOWXUHLVJUHDWHU
WKDQ SUHYLRXVO\ HVWLPDWHG 7KH DGMDFHQW SORW LQ WUDGLWLRQDO IDUPLQJ
UHSUHVHQWV D XVHIXO FRQWURO WR DVVHVV WKH FDUERQVHTXHVWHULQJSRWHQWLDO RI D
QRYHO DJULFXOWXUDO SUDFWLFH 7KH VL]H RI WKH VRLO FDUERQ VWRFN LQ WKH
WUDGLWLRQDOO\PDQDJHGFRQWUROSORWGHILQHVWKHGLIIHUHQFHLQVRLOFDUERQVWRFNV
EHWZHHQ DJURHFRORJLFDO SUDFWLFHV DQG FRQWUROV &OLPDWH FRQGLWLRQV
LQWHUFURSSLQJ WUHDWPHQW DQG DVVHVVPHQW RI WKH GLVWDQFH RI WKH VRLO FDUERQ
VWRFNWRWKHQHZHTXLOLEULXPVKRXOGEHLQFRUSRUDWHGLQWRSURFHVVPRGHOVWR
LPSURYH WKHLU DGHTXDF\ IRU IDUPLQJ V\VWHPV LQ (DVW $IULFD $JURHFRORJLFDO
SUDFWLFHV SURYLGH WKH WHFKQRORJLFDO SRWHQWLDO WR FRPSHQVDWH IRU WKH FXUUHQW
WRWDO*+*HPLVVLRQVLQ(WKLRSLD
 

TIIVISTELMÄ 
6DKDUDQ HWHOlSXROLQHQ $IULNND RQ \NVL PDDSDOORQ KDDYRLWWXYLPSLD DOXHLWD
LOPDVWRQPXXWRNVHQ YDLNXWXNVLOOH -R ± &Q QRXVX LOPDNHKlQ
NHVNLOlPS|WLODVVD \KGHVVl PDDSHUlQ HURGRLWXPLVHQ NDQVVD YRL DLKHXWWDD
KXRPDWWDYLD VDGRQPHQHW\NVLl MD YRLPDNNDDQ YlHVW|QNDVYXQ P\|Wl
KHLNHQWllYlHVW|QUXRNDWXUYDD9DLNND6DKDUDQHWHOlSXROLVHQ$IULNDQRVXXV
NDVYLKXRQHNDDVXMHQWXRWWDMDQDRQPDDLOPDQODDMXLVHVWLSLHQLVLVlOWllDOXHHQ
PDDWDORXVVHNWRUL KXRPDWWDYDQ VXXUHQ LOPDVWRQPXXWRNVHQ
KLOOLQWlSRWHQWLDDOLQ 6XXULQ RVD SRWHQWLDDOLVWD PXRGRVWXX KLLOHQVLGRQQDVWD
PDDWDORXVPDDKDQ 0DDWDORXGHQ LOPDVWRQPXXWRNVHHQ VRSHXWXPLVHQ
HGLVWlPLQHQ VHNl WXRWWDYXXGHQ MD UHVLOLHQVVLQ SDUDQWDPLQHQ YRLVLYDW
NDVYDWWDD YLOMHO\NDVYLHQ VDWRWDVRMD K\|G\QWll ROHPDVVD ROHYDQ
KLOOLQWlSRWHQWLDDOLQ MD WXRWWDD YLOMHOLM|LOOH WXORMD KLLOHQVLGRQQDVWD 7lPlQ
YlLW|VNLUMDQ SllPllUl RQ OLVlWl \PPlUU\VWl LOPDVWRQPXXWRNVHQ KLOOLQQlQ
PDKGROOLVXXNVLVWD HGLVWll UXRNDWXUYDD 7XWNLPXNVHQ WDYRLWWHHW RYDW 
WXQQLVWDD WHNLMlW MRWND YDLNXWWDYDW LOPDVWRQPXXWRNVHQ KLOOLQQlQ
PDKGROOLVXXNVLLQ HGLVWll UXRNDWXUYDD  DUYLRLGD PDKGROOLVXXNVLD OLVlWl
PDDKDQ SllW\YlQ KLLOHQ RVXXWWD HWLRSLDODLVLOOD SLHQWLORLOOD VHNl  DUYLRLGD
HPSLLULVHVWL YDLKWRHKWRLVWHQ DJURHNRORJLVWHQ PHQHWHOPLHQ PDDSHUlQ
KLLOHQVLGRQWDSRWHQWLDDOLD (WLRSLDVVD 7XWNLPXNVHVVD K\|G\QQHWllQ
ODDGXOOLVHQMDPllUlOOLVHQOlKHVW\PLVWDYDQWXWNLPXVRWWHLWD
,OPDVWRQPXXWRNVHQ KLOOLQQlQ UXRNDWXUYDDQ YDLNXWWDYLHQ WHNLM|LGHQ
WXQQLVWDPLQHQ SHUXVWXL NDQVDLQYlOLVHOOl VHNl (WLRSLDQ MD 6XRPHQ
NDQVDOOLVLOODWDVRLOODWHKW\LKLQV\YlKDDVWDWWHOXLKLQMD(WLRSLDQSDLNDOOLVWDVROOD
WHKW\LKLQIRNXVU\KPlNHVNXVWHOXLKLQ6HOLWWlYlQWDSDXVWXWNLPXNVHQDQDO\\VLl
K\|G\QQHWWLLQDQDO\\WWLVHQYLLWHNHK\NVHQOXRPLVHVVD7lPlQRVLRQWXORNVLVWD
QRVWHWXW WLHWRDXNRW WRLPLYDW OlKW|NRKWDQD NDKGHOOH VHXUDDYDOOH
WXWNLPXVRVLROOH 9LOMHO\MlUMHVWHOPLVWl NRUMDWWXMHQ MD MlUMHVWHOPLLQ WXRWXMHQ
KLLOLYLUWRMHQ VXXUXXGHQ MD Nl\W|Q DUYLRLQWL SHUXVWXL KDDVWDWWHOXLKLQ MD
Ql\WWHHQRWWRRQHWLRSLDODLVLOODSLHQWLORLOOD$LQHLVWRD Wl\GHQQHWWLLQ WLODVWRLKLQ
MD NLUMDOOLVXXWHHQ SHUXVWXYLOOD WLHGRLOOD 5XRDNVL NRUMDWWXMHQ MD PDDKDQ
SllW\YLHQ KLLOLYLUWRMHQ MlOMLWWlPLVHNVL VHNl KLLOHQ KlYLNNLHQ DUYLRLQWLLQ
K\|G\QQHWWLLQ PDWHULDDOLYLUWDDQDO\\VLl MD KLLOLWDVHODVNHQWDD $UYLRW
DJURHNRORJLVWHQ PHQHWHOPLHQ KLLOHQVLGRQWDSRWHQWLDDOLVWD SHUXVWXLYDW
ROHPDVVD ROHYLHQ YLHUHNNlLVWHQ DJURHNRORJLVLQ MD SHULQWHLVLQ PHQHWHOPLQ
YLOMHOW\MHQ ORKNRSDULHQ KLLOLYDUDVWRMHQ NRRQ YHUWDLOXXQ ± NHUUDQWHHOOD
(WLRSLDVVD$LNDLVHPPLQMXONDLVWXWDUYLRWSHUXVWXYDWPDOOLQQXNVLLQHLYlWHUL
WXRWDQWRWDYRLOODVDDYXWHWWXMHQKLLOLNHUW\PLHQWlVPlOOLVHHQYHUWDLOXXQ
7XWNLPXV WXRWWL XXWWD HPSLLULVWl WLHWRD VRVLRHNRQRPLVLVWD MD
DJURHNRORJLVLVWD WHNLM|LVWl MRWND YDLNXWWDYDW LOPDVWRQPXXWRNVHQ KLOOLQQlQ
PDKGROOLVXXNVLLQ HGLVWll UXRNDWXUYDD 7lUNHLPSlQl LOPDVWRQPXXWRNVHQ
KLOOLQWll MD UXRNDWXUYDD HGLVWlYlQl NHLQRQD SLGHWWLLQ KLLOHQVLGRQWDD

HURRVLRVWDNlUVLYllQPDDWDORXVPDDKDQ(QVLVLMDLVLQDUXRNDWXUYDDHGLVWlYLQl
WHNLM|LQl SLGHWWLLQ PDDWDORXGHQ WXRWWDYXXGHQ NDVYDWWDPLVWD MD
PDUNNLQRLWDYDVWD VDGRVWD VDDWDYLD WXORMD +LLOHQ VLGRQQDVWD VDDWDYLD
PDKGROOLVLD OLVlWXORMD SLGHWWLLQ WDUSHHOOLVLQD YDOYRQWD UDSRUWRLQWL
YDUPHQWDPLV MD QHXYRQWDSDOYHOXLVWD NRLWXYLHQ NXOXMHQ VHNl PDDWDORXGHQ
NHKLWWlPLVWRLPLVWD NXWHQ DLWRMHQ UDNHQWDPLVHVWD MD NDUMDQ PllUlQ
YlKHQWlPLVHVWl NRLWXYLHQ NXOXMHQ NDWWDPLVHHQ  +LOOLQWlWRLPLHQ
WRWHXWHWWDYXXWHHQ NRHWWLLQ YDLNXWWDYDQ HQLWHQ VRVLRHNRQRPLVHW WHNLMlW MD
WRLPLHQVRYHOWXYXXWHHQHQVLVLMDLVHVWLSDLNDOOLVHWDJURHNRORJLVHWWHNLMlW
9LOMHO\MlUMHVWHOPLVVlNRUMDWXVWDKLLOHVWl±SllW\LPDDKDQMD±
UXRNDDQMDYLOMHO\MlUMHVWHOPLLQWXRGXVWDKLLOHVWl±SllW\LPDDKDQMD±
  UXRNDDQ 6XXULPPDW KLLOHQ KlYLNLW V\QW\LYlW ELRPDVVDQ SROWRVWD MD
NRWLHOlLQWHQ DLQHHQYDLKGXQQDVWD 6\QW\YlW MlWWHHW K\|G\QQHWWLLQ WDUNNDDQ
OXNXXQ RWWDPDWWD PHUNLW\NVHW|QWl PllUll WHXUDVMlWWHLWl MD LKPLVXORVWHWWD
0DDQSDUDQQXNVHHQ Nl\WHWWlYll KLLOWl YRLWDLVLLQ QlLQ ROOHQ OLVlWl
YlKHQWlPlOOlNDDVXPDLVLDKLLOHQKlYLNNHMlMlUMHVWHOPlVWl7lPlYRLVLMRKWDD
P\|V UXRDNVL NRUMDWWDYDQ VDGRQ PllUlQ MD RVXXGHQ MD VLWHQ UXRNDDQ
SllW\YlQ KLLOHQ PllUlQ MD RVXXGHQ OLVllQW\PLVHHQ +lYLNHLVWl ELRPDVVDQ
SROWWR ROLVL MRSD Wl\VLQ YlOWHWWlYLVVl RWWDPDOOD Nl\WW||Q YDLKWRHKWRLVLD
HQHUJLDOlKWHLWlODQQDOOHMDROMHOOH
3HOWRPHWVlYLOMHO\OOl VDDYXWHWWLLQ ± YXRGHVVD  W KD YDSDDQ
ODLGXQQXNVHQUDMRLWWDPLVHOOD±YXRGHVVDWKDMDYLOMHOO\LOOlWHUDVVHLOOD
±YXRGHVVDWKDVXXUHPSLPDDQKLLOLYDUDVWRYHUUDWWXQDYLHUHNNlLVLLQ
SHULQWHLVHVWL YLOMHOW\LKLQ ORKNRLKLQ 2ORVXKWHHW MRLVVD DJURHNRORJLVLD
PHQHWHOPLlKDUMRLWHWWLLQMDSDUDQQHWWXMHQPHQHWHOPLHQNHVWRDLNDYDLNXWWLYDW
SDUDQQHWWXMHQMDSHULQWHLVHVWLYLOMHOW\MHQORKNRMHQKLLOLYDUDVWRMHQNRRQHURRQ
$UYLRPPH DJURHNRORJLVWHQ PDDWDORXGHQ PHQHWHOPLHQ
KLLOHQVLGRQWDSRWHQWLDDOLVWD RYDW VXXUHPPDW NXLQ DLNDLVHPPLQ MXONDLVWXW
DUYLRW MRWND SHUXVWXLYDW SURVHVVLPDOOHLKLQ (UR MRKWXQHH VLLWl HWWl
SURVHVVLPDOOLW RQ NHKLWHWW\ MD YDOLGRLWX ,Wl$IULNDQ RORVXKWHLVLQ QlKGHQ
SRLNNHDYLVVDRORVXKWHLVVDMDYLOMHO\MlUMHVWHOPLVVl0\|VYDNDYDPDDQHURRVLR
(WLRSLDVVD RQ VDDWWDQXW MRKWDD VLLKHQ HWWl PDDQ Q\N\LQHQ KLLOLYDUDVWR RQ
DUYLRLWXD NDXHPSDQD XXGHVWD WDVDSDLQRWLODVWD MRQND VHXUDXNVHQD
KLLOHQVLGRQWDRQWRGHOOLVXXGHVVDDLNDLVHPSLDDUYLRLWDUXQVDDPSDD
7XORVWHQ SHUXVWHHOOD YRLGDDQ SllWHOOl HWWl PDDWDORXGHQ KLOOLQWlWRLPLOOD
YRLGDDQ HGLVWll UXRNDWXUYDD HULW\LVHVWL SDUDQWDPDOOD WXRWWDYXXWWD MD
OLVllPlOOlUXRDQVDDWDYXXWWDVLWRPDOODKLLOWlPDDWDORXVPDDKDQ0\|VUXRDQ
VLVlPDUNNLQRLGHQNHKLWWlPLQHQRQWlUNHllUXRDQVDDWDYXXGHQHGLVWlPLVHNVL
NRWLWDORXGHQ DOXHHQ MD NDQVDOOLVHOOD WDVROOD 7DORXGHOOLQHQ NRUYDXV
KLLOHQVLGRQQDVWD PDKGROOLVWDD MD NDQQXVWDD YLOMHOLM|LWl RWWDPDDQ Nl\WW||Q
KLLOHQVLGRQWDPHQHWHOPLl 0DUNNLQRLWDYLVWD NDVYHLVWD VDDWDYDW OLVlWXORW
OLVllYlW NRWLWDORXNVLHQ N\N\l KDQNNLD UXRNDD WDUYLWWDHVVD PDUNNLQRLOWD
6RVLRHNRQRPLVHW WHNLMlW NXWHQ SROLWLLNNDWRLPLHQ NRKHUHQVVL
LOPDVWRQPXXWRNVHQ KLOOLQQlQ MD UXRNDWXUYDQ HGLVWlPLVHNVL KDOOLQQRQ
VHONH\V MD WXNL VHONHlW PDDQKDOOLQWDRORW KLOOLQWlKDQNNHHQ WRWHXWWDMDOOH

YDUKDLVHVVD YDLKHHVVD VXRULWHWXW WDORXGHOOLVHW NRUYDXNVHW MD
KLLOLPDUNNLQDWLHGRQ OHYLWWlPLQHQ HGLVWlYlW LOPDVWRQPXXWRNVHQ KLOOLQQlQ
PDKGROOLVXXNVLDSDUDQWDDUXRNDWXUYDD
6XXULPPDW KLLOLYXRGRW YLOMHO\MlUMHVWHOPlVWl RYDW NDDVXPDLVLD MD SHUlLVLQ
ELRPDVVDQ SROWRVWD MD NRWLHOlLQWHQ PHWDEROLDVWD 9LOMHO\MlUMHVWHOPlVVl
HQHUJLDNVLNl\WHWW\KLLOHQRVXXVPllULWWllPDDKDQSllW\YlQKLLOHQRVXXGHQ
PLWl YlKHPPlQ ELRPDVVDQ SROWWRD VLWl HQHPPlQ RUJDDQLVWD KLLOWl SllW\\
PDDKDQ 9DLKWRHKWRLVLD HQHUJLDOlKWHLWl ODQQDOOH MD ROMHOOH RQ NHKLWHWWlYl
SllVW|MHQ YlKHQWlPLVHNVL MD KLLOLYLUWRMHQ VXXQWDDPLVHNVL PDDKDQ
0DWHULDDOLYLUWDDQDO\\VL RQ K\|G\OOLQHQ W\|NDOX KLLOLYLUWRMHQ MD KLLOLYXRWRMHQ
MlOMLWWlPLVHHQ VLOORLQ NXQ NDDVXPDLVWHQ SllVW|MHQ PLWWDDPLQHQ HL ROH
PDKGROOLVWD
(WLRSLDQ PDDWDORXGHQ PDDQ KLLOHQVLGRQWDSRWHQWLDDOL RQ DLNDLVHPSLD
DUYLRLWD VXXUHPSL 0DDWDORXGHQ PHQHWHOPLHQ KLLOHQVLGRQWDSRWHQWLDDOLD
DUYLRLWDHVVDRQ WlUNHllVLVlOO\WWllNRHMlUMHVWHO\\QSHULQWHLVHVWL YLOMHOW\ ORKNR
NRQWUROOLNVL (UR DJURHNRORJLVHQ MD SHULQWHLVHQ PHQHWHOPlQ KLLOLYDUDVWRQ
NRRQ VXXUXXGHVVD HUL DJURHNRORJLVLOOD PHQHWHOPLOOl VHOLWW\\ RORVXKWHLOOD
MRLVVD DJURHNRORJLVLD PHQHWHOPLl KDUMRLWHWDDQ MD MRLWD NRQWUROOLORKNRMHQ
KLLOLYDUDVWRQ NRNR LOPHQWll ,OPDVWRRORVXKWHLGHQ VHNDYLOMHO\Q
HULW\LVSLLUWHLGHQ MD HURRVLRDVWHHQ KXRPLRLPLQHQ SDUDQWDLVL SURVHVVLPDOOLHQ
VRYHOWXYXXWWD ,Wl$IULNDVVD +LLOHQVLGRQWDSRWHQWLDDOLQ K\|G\QWlPLQHQ
ODDMDVWL (WLRSLDQPDDWDORXVPDDKDQ YRLVL NRPSHQVRLGD MRSD Wl\VLQ LKPLVHQ
DLKHXWWDPDWNDVYLKXRQHNDDVXSllVW|W

ABBREVIATIONS 
& &DUERQ
&'0 &OHDQ'HYHORSPHQW0HFKDQLVP
&+ 0HWKDQH
&, &RQILGHQFHLQWHUYDO
&2 &DUERQGLR[LGH
&2H &DUERQGLR[LGHHTXLYDOHQW
'0 'U\PDWWHUSHUFHQWDJH
*+* *UHHQKRXVHJDV
. 3RWDVVLXP
0)$ 0DWHULDOIORZDQDO\VLV
1 1LWURJHQ
12 1LWURXVR[LGH
1$0$ 1DWLRQDOO\$SSURSULDWH0LWLJDWLRQ$FWLRQ
1*2 1RQJRYHUQPHQWDORUJDQL]DWLRQ
3 3KRVSKRUXV
ǏE %XONGHQVLW\
6 6XOSKXU
6,& 6RLOLQRUJDQLFFDUERQ
62& 6RLORUJDQLFFDUERQ
620 6RLORUJDQLFPDWWHU
66$ 6XE6DKDUDQ$IULFD

KEY DEFINITIONS 
$JURHFRORJLFDO SUDFWLFH $Q DJULFXOWXUDO SUDFWLFH WKDW LV HQYLURQPHQWDOO\
IULHQGO\ VRFLDOO\ IDLU DQG HFRQRPLFDOO\ EHQHILFLDO 7KHVH SUDFWLFHV DLP DW
LQFUHDVLQJWKHDFWLYLW\RIWKHVRLOELRWDDQGLPSURYLQJVRLOIHUWLOLW\:H]HOHW
DO  ,Q WKLV VWXG\ DQ DJURHFRORJLFDO SUDFWLFH LV D PHWKRG WKDW
K\SRWKHWLFDOO\LQFUHDVHVWKHVRLOFDUERQVWRFNDVDUHVXOWRILQFUHDVHGFDUERQ
LQSXWVDQGUHGXFHGVRLOGLVWXUEDQFH

$JURHFRV\VWHP$XQLWRIDJULFXOWXUDODFWLYLW\ LQFOXGLQJ WKHHQYLURQPHQWDO
VRFLDO HFRQRPLF HWKLFDO DQG GHYHORSPHQWDO DVSHFWV RI DJULFXOWXUDO
SURGXFWLRQ DQG IRRG V\VWHPV :H]HO HW DO  $JURHFRV\VWHP LV D
UHVHDUFKVXEMHFWWRDJURHFRORJ\DVFLHQWLILFGLVFLSOLQHRULJLQDWLQJIURPFURS
SURGXFWLRQDQGSODQWSURWHFWLRQLQWKHV([DPLQDWLRQFDQYDU\IURPD
QDUURZ VRLO OHYHO WR D IDUPLQJ V\VWHPRU HYHQ WR D JOREDO IRRG V\VWHP OHYHO
)UDQFLV HW DO 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3URWHFWLRQ$JHQF\(3$

&OLPDWHVPDUW DJULFXOWXUH $JULFXOWXUDO V\VWHPV WKDW VXSSRUW HQKDQFLQJ
IRRGVHFXULW\E\LQFUHDVLQJSURGXFWLYLW\DQGLQFRPHEXLOGLQJUHVLOLHQFHDQG
DGDSWDWLRQWRFOLPDWHFKDQJHDQGUHGXFLQJJUHHQKRXVHJDVHPLVVLRQV)RRG
DQG$JULFXOWXUH2UJDQL]DWLRQ)$2

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=LPEDEZH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
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&RQIURQWDWLRQZLWKWKHLPSDFWVRIFOLPDWHFKDQJH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

)RRG VHFXULW\ ³$ VLWXDWLRQ WKDW H[LVWV ZKHQ DOO SHRSOH DW DOO WLPHV KDYH
SK\VLFDO VRFLDODQGHFRQRPLFDFFHVV WRVXIILFLHQWVDIHDQGQXWULWLRXV IRRG
WKDWPHHWVWKHLUGLHWDU\QHHGVDQGIRRGSUHIHUHQFHVIRUDQDFWLYHDQGKHDOWK\
OLIH´)$2)$2

0LWLJDWLRQ LQ DJULFXOWXUH 5HGXFLQJ JUHHQKRXVH JDV HPLVVLRQV HQKDQFLQJ
FDUERQ VLQNV LQ VRLO DQG YHJHWDWLRQ RU DYRLGLQJ HPLVVLRQV E\ VXEVWLWXWLQJ
UHVLGXDOEDVHGELRHQHUJ\IRUIRVVLOIXHO6PLWKHWDO

5HVLOLHQFH ³7KH FDSDFLW\RI D V\VWHP WR DEVRUEGLVWXUEDQFHDQG UHRUJDQL]H
ZKLOH XQGHUJRLQJ FKDQJH VR DV WR VWLOO UHWDLQ HVVHQWLDOO\ WKH VDPH IXQFWLRQ
VWUXFWXUHLGHQWLW\DQGIHHGEDFNV´
:DONHUHWDO

6XE6DKDUDQ $IULFD ,QFOXGHV DOO RI $IULFD H[FHSW 1RUWKHUQ $IULFD 8QLWHG
1DWLRQV81

1 INTRODUCTION 
1.1 CONTRIBUTION OF AGRICULTURE TO CLIMATE 
CHANGE 
*UHHQKRXVH JDV *+* HPLVVLRQV RULJLQDWHPDLQO\ IURP WKH LQGXVWULDOL]HG
FRXQWULHV &OLPDWH $QDO\VLV ,QGLFDWRU 7RRO &$,7  :RUOG 5HVRXUFHV
,QVWLWXWH :DVKLQJWRQ '& 86$ EXW WKH LPSDFWV ZUHDN GLVDUUD\ LQ
DJULFXOWXUDOV\VWHPVLQWKHGHYHORSLQJFRXQWULHVZLWKVHULRXVLPSDFWVRQWKH
OLYHOLKRRGVRISRRUVPDOOKROGHUV &RRSHUHWDO&KDQJHVGLUHFWO\DQG
LQGLUHFWO\FDXVHGE\FOLPDWHDUHDOUHDG\VKDNLQJXSDJURHFRV\VWHPVLQ$IULFD
,Q WKH FRPLQJ GHFDGHV VPDOOKROGHUVZLOO QHHG WR DGDSW LQFUHDVLQJO\ WR WKH
PXOWLIROGQHJDWLYHLPSDFWVRIFOLPDWHFKDQJHVXFKDVLQFUHDVLQJZDWHUVWUHVV
WKH LQFUHDVLQJ UDWHRIDJULFXOWXUDO ODQGEHFRPLQJXQVXLWDEOH IRU FXOWLYDWLRQ
GHFOLQLQJFURS\LHOGVIOXFWXDWLQJIRRGSULFHVLQFUHDVLQJSHVWVFURSGLVHDVHV
DQGZHHGVDQGFOLPDWHUHODWHGKXPDQDQGOLYHVWRFNGLVHDVHVVXFKDVPDODULD
1LDQJ HW DO  7KH JOREDO DQG LUUHYHUVLEOH LPSDFWV RI FOLPDWH FKDQJH
FKDOOHQJH DOO DVSHFWV RI IRRG VHFXULW\ DYDLODELOLW\ DFFHVV XWLOL]DWLRQ DQG
VWDELOLW\1LDQJHWDO7KHUHLVDQHHGIRUJUHDWHUXQGHUVWDQGLQJRIWKH
RSSRUWXQLWLHVDQGFKDOOHQJHVLQHQKDQFLQJIRRGVHFXULW\LQVLWXDWLRQLQZKLFK
DJULFXOWXUH LVRQ WKHRQHKDQGXQGHUSUHVVXUH WR LQFUHDVHSURGXFWLRQDQG
RQWKHRWKHUWRFXWHPLVVLRQV
6LQFH  DIWHU WKH ,QGXVWULDO 5HYROXWLRQ WHUUHVWULDO HFRV\VWHPV KDYH
FRQWULEXWHG *W WR FDUERQ HPLVVLRQV DERXW KDOI RI WKDW IURP IRVVLOIXHO
FRPEXVWLRQ/DOE(VWLPDWHVIRUWKHKLVWRULFORVVRIVRLORUJDQLFFDUERQ
62&UDQJHEHWZHHQDQG*WRIZKLFKRQHWKLUGLVFDXVHGWKURXJKVRLO
HURVLRQDQGWZRWKLUGVWKURXJKPLQHUDOL]DWLRQRIRUJDQLFPDWWHU/DOE
6LQFH WKH *UHHQ 5HYROXWLRQ SRSXODWLRQ DQG HFRQRPLF JURZWK KDYH
LQFUHDVLQJO\ SXW SUHVVXUH RQ DJULFXOWXUH WR LQFUHDVH SURGXFWLRQ :KLOH
VXFFHHGLQJLQUHGXFLQJKXQJHULQSODFHVJURZWKKDVRFFXUHGDWWKHH[SHQVH
RI H[DFHUEDWLQJ HQYLURQPHQWDO SUREOHPV DQG GHSOHWLQJ QDWXUDO UHVRXUFHV
7LOPDQHWDO&XUUHQWO\DJULFXOWXUHUHOHDVHVRIWKHZRUOGVWRWDO
JOREDO *+* HPLVVLRQV LQFOXGLQJ FDUERQ GLR[LGH &2 PHWKDQH &+
QLWURXV R[LGH 12 DQG IOXRULQDWHG JDVHV ZKHQ HPLVVLRQV IURP ODQGXVH
FKDQJH DQG WKH IRUHVWU\ VHFWRU DUH WDNHQ LQWR DFFRXQW &$,7  DQG LV
UHVSRQVLEOH IRURI WKHGHIRUHVWDWLRQ 9HUPHXOHQHWDO7KHPDLQ
WKUHDWVLGHQWLILHGLQ(XURSHWRVRLODUHHURVLRQGHFOLQHLQRUJDQLFPDWWHUVRLO
FRQWDPLQDWLRQ VRLO VHDOLQJ VRLO FRPSDFWLRQ GHFOLQH LQ VRLO ELRGLYHUVLW\
VDOLQL]DWLRQ DQG IORRGV DQG ODQGVOLGHV EHLQJ WR D ODUJH H[WHQW WKH VDPH LQ
6XE6DKDUDQ$IULFD66$(XURSHDQ&RPPLVVLRQ
'XULQJ  \HDUV LQ $IULFD WKH FDUERQ VWRFN LQ OLYLQJ ELRPDVV KDV EHHQ
UHGXFHG E\  0W &2 GXH WR GHIRUHVWDWLRQ 1DEXXUV HW DO  7KH
SURSRUWLRQ RI 66$ LQ WKH JOREDO WRWDO *+* HPLVVLRQV LV FXUUHQWO\ 
,QWURGXFWLRQ

LQFOXGLQJ ODQGXVH FKDQJH DQG IRUHVWU\ &$,7  (PLVVLRQV IURP WKH
FORVHO\ OLQNHGDJULFXOWXUHDQG ODQGXVHFKDQJHDQG IRUHVWU\ VHFWRUVDFFRXQW
IRU  RI WKH WRWDO HPLVVLRQV LQ 66$ &$,7  ,Q (DVWHUQ $IULFD WKH
DJULFXOWXUDO DUHD KDV LQFUHDVHG RYHU  VLQFH  WR WKH FXUUHQW 
PLOOLRQ KDZKHUHDV WKH IRUHVWHG DUHD KDV EHHQ UHGXFHG E\ GXULQJ WKH
ODVW\HDUV)$2&RUSRUDWH6WDWLVWLFDO'DWDEDVH)$267$7%\
66$HPLVVLRQVDUHSURMHFWHGWRLQFUHDVHE\DVPXFKDVFRPSDUHGZLWK
WKHOHYHO'H3LQWRHWDOGXHWRHFRQRPLFJURZWKDQGLQFUHDVLQJ
GHPDQGIRUPHDWDQGGDLU\SURGXFWV6XFKGHYHORSPHQWPD\WULJJHUIXUWKHU
FRQYHUVLRQ IURP IRUHVWV WR DJULFXOWXUDO ODQG 5RVHJUDQW DQG &OLQH 
6PLWKHWDOZKLFKZLOOGHSOHWHWKH62&VWRFNE\DVPXFKDV±
LQWKHWURSLFV3RVWDQG.ZRQ/DOE
1.2 RESPONSE OF AGRICULTURE IN AFRICA TO 
CLIMATE CHANGE 
:LWK WKHKLJKHVWSURSRUWLRQRIXQGHUQRXULVKHGSHRSOH LQ WKHZRUOGDQGDQ
HFRQRP\ KHDYLO\ UHOLDQW RQ DJULFXOWXUH 66$ LV FRQVLGHUHG DV RQH RI WKH
ZRUOGV PRVW YXOQHUDEOH UHJLRQV WR FOLPDWH FKDQJH %RNR HW DO 
&OLPDWH FKDQJH LV H[SHFWHG WR FDXVH GHFOLQLQJ UDLQIDOO DQG LQFUHDVLQJ
HYDSRUDWLRQUHVXOWLQJLQZLGHVSUHDGZDWHUVKRUWDJHV1LDQJHWDO7KH
OHQJWKRIWKHJURZLQJVHDVRQPD\EHFRPHVKRUWHULQPRVWSODFHV7KRUQWRQ
HWDODQGWKHOLNHOLKRRGRIFURSIDLOXUHVZLOO LQFUHDVHZKLFKFDQVKLIW
WKH SURGXFWLRQ IURP PL[HG FURSOLYHVWRFN WR OLYHVWRFNEDVHG SURGXFWLRQ
7KRUQWRQHWDO
7KH LPSDFWV RQPDMRU FHUHDO \LHOGVZHUH HVWLPDWHG WR EH QHJDWLYHZLWK
VWURQJUHJLRQDOYDULDELOLW\1LDQJHWDO1HOVRQHWDOVXJJHVWHG
\LHOGORVVHVRI±LQFHUHDOVE\DQG7KRUQWRQHWDOORVVHVRI
±E\WKHHQGRIWKHFHQWXU\LQ$IULFD7KHULVNRIORVLQJOLYHVWRFNGXHWR
SURORQJHGGURXJKWVLVDOVRKLJK7KHLPSDFWRIGURXJKWVRQFURSSURGXFWLRQ
PD\ EH UHIOHFWHG LQ OLYHVWRFN SURGXFWLRQ WKURXJK WKH ORZHU DYDLODELOLW\ RI
FURSUHVLGXHVSHUOLYHVWRFNKHDG1LDQJHWDO
,Q DGGLWLRQ WR FOLPDWH YDULDELOLW\ LQFUHDVHV LQ ZRUOG IRRG SULFHV VLQFH
± KDYH FDXVHG PDUNHW LQVWDELOLW\ XQGHUPLQLQJ IRRG VHFXULW\ LQ
$IULFD :RGRQ DQG =DPDQ  $ JURXS SDUWLFXODUO\ YXOQHUDEOH WR SULFH
SHDNV DUH IHPDOHKHDGHG KRXVHKROGV ZLWK ORZ LQFRPHV .XPDU DQG
4XLVXPELQJ7KHVH LPSDFWVZLOOKDYHDEURDGHIIHFWRQDOO DVSHFWVRI
IRRGVHFXULW\7KHUHLVDVXEVWDQWLDOQHHGWRGHYHORSIRRGSURGXFWLRQWRZDUGV
ZKDWLVNQRZQDV‘FOLPDWHVPDUWDJULFXOWXUH’ZKLFKZLOOLQFUHDVHDJULFXOWXUDO
SURGXFWLYLW\DQG LQFRPHVXVWDLQDEO\DGMXVWDJULFXOWXUHDQGEXLOG UHVLOLHQFH
WR FOLPDWH FKDQJH DQG GHFUHDVH HPLVVLRQV IURP DJULFXOWXUH )$2 
:KHHOHUDQGYRQ%UDXQ
 

1.3 SYNERGIES BETWEEN FOOD SECURITY AND 
CLIMATE CHANGE MITIGATION  
1.3.1 ASPECTS OF FOOD SECURITY 
7KH)$2GHILQHVIRRGVHFXULW\DV³DVLWXDWLRQWKDWH[LVWVZKHQDOOSHRSOHDW
DOO WLPHVKDYHSK\VLFDO VRFLDO DQGHFRQRPLFDFFHVV WR VXIILFLHQW VDIH DQG
QXWULWLRXV IRRG WKDWPHHWV WKHLU GLHWDU\ QHHGV DQG IRRG SUHIHUHQFHV IRU DQ
DFWLYH DQG KHDOWK\ OLIH´ )$2  )$2  7KH GHILQLWLRQ FRYHUV WKH
PDMRU IHDWXUHVRI IRRGVHFXULW\DYDLODELOLW\DFFHVVVWDELOLW\DQGXWLOL]DWLRQ
2IWKHVHIHDWXUHVIRRGDYDLODELOLW\UHIHUVWRDVLWXDWLRQLQZKLFKWKHTXDQWLW\
DQG TXDOLW\ RI IRRG PHHWV WKH GHPDQG RI WKH SRSXODWLRQ $FFHVV WR IRRG
VWDQGV IRU WKH SHRSOH¶V DELOLW\ WR REWDLQ UHVRXUFHV VXFK DV HFRQRPLF RU
SROLWLFDOPHDQV WR VXSSO\ RU SXUFKDVH IRRG 6WDELOLW\ UHIHUV WR WKH V\VWHPV¶
FDSDFLWLHV WR PDLQWDLQ IRRG VHFXULW\ XQGHU SHUWXUEDWLRQ DQG XWLOL]DWLRQ
UHIHUV WR IRRG VDIHW\ TXDOLW\ DQG KHDOWK LVVXHV 6FKPLGKXEHU DQG 7XELHOOR
 (ULFNVHQ  3LQVWUXS$QGHUVHQ  :KHHOHU DQG YRQ %UDXQ
 )RRG LQVHFXULW\ FDQ EH ERWK D FRQVHTXHQFH RI FRQIOLFW DVZHOO DV  D
FDXVH DFFHOHUDWLQJ WKH FRQIOLFW IXHOOHG E\ NH\ GULYHUV VXFK DV SRYHUW\
%ODWWPDQ DQG 0LJXHO  LQHTXDOLW\ LQ DFFHVV WR UHVRXUFHV 0DFRXUV
SRSXODWLRQSUHVVXUHVWE\HWDODQGSRRUJRYHUQDQFH)HDURQ

'HVSLWH UDSLG DQG VWURQJ HFRQRPLF JURZWK (WKLRSLD LV VWLOO RQH RI WKH
SRRUHVW FRXQWULHV LQ WKHZRUOG :RUOG%DQN D 7KH SURSRUWLRQ RI WKH
XQGHUQRXULVKHGSRSXODWLRQKDVGHFOLQHG IURPLQ±WRLQ
± )$2 ,QWHUQDWLRQDO )XQG IRU $JULFXOWXUDO 'HYHORSPHQW ,)$'
DQG:RUOG )RRG 3URJUDPPH:)3  EXW ERWK FKURQLF DQG DFXWH IRRG
LQVHFXULW\ VWLOO RFFXUV SDUWLFXODUO\ DPRQJ VPDOOKROGHUV DQG UXUDO GZHOOHUV
$ERXW PLOOLRQ SHRSOH VXIIHU IURPPDOQXWULWLRQ LQ (WKLRSLD )$2 ,)$'
DQG :)3  FDXVLQJ VXIIHULQJ DQG LUUHYRFDEOH FRJQLWLYH DQG SK\VLFDO
GHYHORSPHQWDOGLVRUGHUV*DOOHUHWDO+XDQJHWDO,Q-DQXDU\
  PLOOLRQ SHRSOH LQ (WKLRSLD H[SHULHQFHG DFXWH IRRG LQVHFXULW\
GHPDQGLQJ IRRG DLG RU FDVK WR VDWLVI\ WKHLU IRRG QHHGV 86 $JHQF\ IRU
,QWHUQDWLRQDO'HYHORSPHQW86$,'
,Q FRXQWULHV ZKHUH DJULFXOWXUH GLUHFWO\ VXSSRUWV WKH OLYHOLKRRG RI PRVW
SHRSOH VXFK DV LQ (WKLRSLD  RI WKH SRSXODWLRQ &HQWUDO ,QWHOOLJHQFH
$JHQF\&,$IRRGVHFXULW\DQGSRYHUW\UHGXFWLRQDUHGHSHQGHQWPDLQO\
RQWKHDJULFXOWXUDOVHFWRUZKLFKLVKLJKO\H[SRVHGWRFOLPDWHYDULDELOLW\DQG
H[WUHPHV ,Q (WKLRSLD DJULFXOWXUDO SURGXFWLRQ LV PDLQO\ UDLQIHG
FKDUDFWHUL]HGE\WKHXVHRIORZLQSXWVDQGSURGXFWLRQRIORZRXWSXWV:RUOG
%DQN  'URXJKWV PD\ UHVXOW LQ QRWDEOH \LHOG ORVVHV DQG DW ZRUVW
IDPLQHVXFKDV LQ±DQGWKHHDUO\ VFDXVLQJH[WHQVLYH ORVVRI
OLYHV 5DKPDWR (IIRUWV WR VDWLVI\ WKHQHHGRI WKHJURZLQJSRSXODWLRQ
IRU IRRGDQG IXHOKDYH LQWHQVLILHGDJULFXOWXUHDQGH[SDQGHGFXOWLYDWLRQ LQWR
PRXQWDLQ VORSHV HYHQ PRXQWDLQ WRSV )RUHVWHG DUHDV KDYH GHFOLQHG IURP
,QWURGXFWLRQ

RIWKH ODQGDUHD LQWKHHDUO\V1\VVHQHWDOWRWKHFXUUHQW
3RKMRQHQDQG3XNNDOD%HUKDQX%DWLRQRHWDO$ERXW
RIIDUPVKDYHFXOWLYDWLRQDUHDOHVVWKDQKDDQGOHVVWKDQKD
7DIIHVVHHWDO7KHVKRUWDJHRIILUHZRRGKDVLQFUHDVHGWKHXVHRIGULHG
FRZGXQJDVIXHODQGUHGXFHGLWVXVHIRUVRLODPHQGPHQW)XUWKHUPRUHILHOGV
DUHFOHDUHGDIWHUKDUYHVWLQJRIFURSUHVLGXHVIRUIRGGHUDQGIXHO&RUEHHOVHW
DO  7KHVH GHYHORSPHQWV KDYH UHGXFHG WKH UHWXUQ RI UHVLGXH FDUERQ
LQWRWKHVRLOGHSOHWHG62&VWRFNVDQGZHDNHQHGVRLOLQILOWUDWLRQDQGQXWULHQW
VXSSO\(OLDVHWDO+DLOHVODVVLHHWDO%DWLRQRHWDO
1.3.2 RESTORATION OF ERODED SOILS 
6RLO GHJUDGDWLRQ UHIHUV WR VRLO HURVLRQ QXWULHQW GHSOHWLRQ VDOLQL]DWLRQ DQG
YHJHWDWLRQ GHJUDGDWLRQ DOO RI ZKLFK ORZHU VRLO UHVRXUFHV DQG SURGXFWLYH
FDSDFLW\ <RXQJ *LUPD\ HW DO 6RLO HURVLRQ LV WKHPRVWZLGHO\
GLVWULEXWHG IRUP RI VRLO GHJUDGDWLRQ DQG KDV WKH JUHDWHVW LQIOXHQFH RQ VRLO
FDUERQG\QDPLFV/DO,Q(WKLRSLDKHDY\HUUDWLFUDLQVGHIRUHVWDWLRQ
FXOWLYDWLRQRIVWHHSVORSHVRYHUJUD]LQJDQGODQGIUDJPHQWDWLRQDUHWKHPDLQ
FDXVHV RI VRLO HURVLRQ 7DGGHVH  *LUPD\ HW DO  $ORQJ ZLWK
UHGXFHGVRXUFHVRIIXHOGHIRUHVWDWLRQFKDQJHVWKHDPRXQWGLVWULEXWLRQDQG
LQWHQVLW\RIUDLQIDOO$UDJDRHWDO$VWXG\FRQGXFWHGLQWKH(WKLRSLDQ
+LJKODQGV VXJJHVWHG WKDW WKH GHWHUPLQDQW RI UDLQIDOO HURVLRQ LV ODUJH GURS
VL]H1\VVHQHWDO)UHHJUD]LQJGDPDJHVDQGFKDQJHVYHJHWDWLRQIURP
SHUHQQLDOWRDQQXDOJUDVVHVLQFUHDVHVVRLOFRPSDFWLRQDQGUHGXFHVSRURVLW\
$QLPDOV DOVR GHVWUR\ VRLO FRQVHUYDWLRQ FRQVWUXFWLRQV FRPSOLFDWLQJ HURVLRQ
FRQWURO7DGGHVHHWDO
6LQFHWKH¶VDJULFXOWXUDOVRLOVKDYHORVWDERXW±0WRIFDUERQ
LQ(WKLRSLD*LUPD\HWDO6RLOORVVUDWHVIURPFURSODQGUDQJHIURP
WRWKD\HTXLYDOHQWWRVRLOGHSWKVRI±PPGHSHQGLQJRQWKHVRLO
FKDUDFWHULVWLFV SUHFLSLWDWLRQ WRSRJUDSK\ DQG PDQDJHPHQW )$2 
+XUQL%HZNHWDQG6WHUN7KLVORVVRIVRLOUHVXOWVLQGHSOHWLRQRI
DERXWNJQLWURJHQ1NJSKRVSKRUXV3DQGNJSRWDVVLXP.KD
\+DLOHVODVVLHHWDO7RJHWKHUZLWKPRUHIUHTXHQWHUUDWLFUDLQVVRLO
QXWULHQW GHSOHWLRQPDLQWDLQV ORZ \LHOGV &XUUHQWO\ FHUHDO \LHOGV DUH DERXW
NJKDRQDYHUDJH)$267$7PDNLQJFRQWLQXRXVLQWHUQDWLRQDO
IRRGDLGDQHFHVVLW\:)3
3HUPDQHQW UHVWRUDWLRQ RI GHJUDGHG VRLOV FRXOG LQFUHDVH VRLO FDUERQ
VWRUDJH VRLO FDSDFLW\ WR IXQFWLRQ DQG VRLO SURGXFWLYLW\ 6FKPLGKXEHU DQG
7XELHOOR/DOD0D[LPL]DWLRQRIUHVWRUDWLRQEHQHILWVQHFHVVLWDWHV
DGDSWDWLRQ RI DJULFXOWXUH WR FKDQJLQJ FOLPDWH ,PSURYLQJ IRRG DYDLODELOLW\
UHTXLUHVKLJKHU\LHOGVDQGLPSURYHGUHVLOLHQFHRIDJURHFRV\VWHPV7KHHIIHFW
RI LQFUHDVH LQ62&VWRFN LQ WKH URRW ]RQHRQFURS\LHOGV LVJUHDWHU DW ORZHU
WKDQDWKLJKHU OHYHO RI62&VWRFNDQGDW ORZHU OHYHO RI H[WHUQDO LQSXWV /DO
EVXFKDVLQ(WKLRSLD

,Q %XUNLQD )DVR DQG 1LJHU DGRSWLRQ RI LQGLJHQRXV VRLO DQG ZDWHU
FRQVHUYDWLRQDQGDJURIRUHVWU\SUDFWLFHVLQFUHDVHGFURS\LHOGVE\NJKD
DQG NJKD UHVSHFWLYHO\ HQDEOHG WKH LQLWLDWLRQRI FHUHDO FXOWLYDWLRQRQ
SRRUTXDOLW\ ODQG LQFUHDVHG WKH SURSRUWLRQ RI PDUNHWHG DJULFXOWXUDO DQG
IRUHVWU\SURGXFWVUHFKDUJHGYLOODJHZHOOVDQGLPSURYHGDFFHVV WRIXHOZRRG
5HLM HW DO  6\QWKHVLV RI VHYHUDO H[SHULPHQWV /DO D SUHGLFWHG
\LHOGLQFUHDVHVSHUHDFKLQFUHPHQWDOWRQQHRI62&LQWKHURRW]RQHRQZKHDW
7ULWLFXP / E\ ± NJ KDPDL]H =HDPD\V/ E\ ± NJ KD
JUHDWPLOOHW6RUJKXPELFRORU/0RHQFKE\±NJKDSHDUOPLOOHW
3HQQLVHWXP JODXFXP / 5 %U E\ ± NJ KD  EHDQ 3KDVHROXV
YXOJDULV/E\±NJKDDQGVR\DEHDQ*O\FLQHPD[/0HUUE\±
NJKD/DOD7KHLQFUHDVHLQVRLOFDUERQVWRFNFRXOGDOVRLPSURYH
WKHEXIIHULQJFDSDFLW\RI WKHVRLO WKURXJK LPSURYHGVRLOZDWHUDQGQXWULHQW
KROGLQJ VRLO VWUXFWXUH DQG ELRWLF DFWLYLW\ WR UHVLVW H[WUHPH FOLPDWH KD]DUGV
/DOE
'LYHUVH LQFRPH VRXUFHV FRXOG KHOS VPDOOKROGHUV WR UHFRYHU IURP \LHOG
ORVVHV&DPSEHOOWREX\IRRGDQGRWKHUQHFHVVLWLHVIURPWKHPDUNHWV
DQGSUHSDUH IRU QHZJURZLQJ VHDVRQ$ VWXG\SHUIRUPHG LQ:HVW$IULFD E\
*RQ]iOHV(VWUDGD HW DO  VKRZHG WKDW LQFRPHV IURP FDUERQ WUDGLQJ
FRXOGLQFUHDVHIDUPSURILWVE\±
1.3.3 MITIGATION POTENTIAL IN AGRICULTURE 
7KH KLJK FRQWULEXWLRQ RI DJULFXOWXUH WR *+* HPLVVLRQV ORZ FRVWV RI
DJULFXOWXUDO PLWLJDWLRQ DFWLRQV DQG EHQHILWV RI PLWLJDWLRQ DFWLRQV IRU
SURGXFWLYLW\KDYHPRWLYDWHGUHVHDUFKHUVWRHVWLPDWHWKHPLWLJDWLRQSRWHQWLDOV
RIDJULFXOWXUH&ROHHWDOHVWLPDWHGWKHWRWDOPLWLJDWLRQSRWHQWLDORIWKH
DJULFXOWXUDOVHFWRUDW±*WFDUERQGLR[LGHHTXLYDOHQW&2H\RYHUD
\HDUSHULRG6PLWKHWDOHVWLPDWHGWKDWWKHWHFKQLFDOSRWHQWLDOIRU
FOLPDWHFKDQJHPLWLJDWLRQLQDJULFXOWXUHZLOOEH±*W&2H\E\
DQGWKHHFRQRPLFSRWHQWLDO±*W&2H\DWFDUERQSULFHVRI86±
 SHU WRQQH RI &2H $ERXW  RI WKH WRWDO PLWLJDWLRQ SRWHQWLDO LV
FRPSULVHGRIFDUERQVHTXHVWUDWLRQLQDJULFXOWXUDOVRLO6PLWKHWDO,Q
$IULFD GHVSLWH WKH IDLUO\ ORZ WRWDO *+* HPLVVLRQV LQ UHODWLRQ WR WKH JOREDO
OHYHOWKHWHFKQLFDOPLWLJDWLRQSRWHQWLDORIWKHDJULFXOWXUDOVHFWRUPD\EH
*W &2H \ E\  FRUUHVSRQGLQJ WR DVPXFK DV  RI WKH JOREDO WRWDO
PLWLJDWLRQSRWHQWLDOZKLOHWKHHFRQRPLFSRWHQWLDOPD\EH*W&2H\E\
 DW D FDUERQ SULFH RI 86 SHU WRQQH RI &2H 6PLWK HW DO 
([SORLWLQJ WKH HFRQRPLFPLWLJDWLRQSRWHQWLDOZRXOG FRPSHQVDWH IRU RI
WKH WRWDO DQQXDO HPLVVLRQV IURP $IULFDV DJULFXOWXUDO VHFWRU &$,7 
:LWKLQ$IULFDWKHKLJKHVWPLWLJDWLRQSRWHQWLDOVWDQGVLQWKHHDVWHUQSDUWVRI
WKHFRQWLQHQW*W&2H\WKHKLJKHVWSRWHQWLDOSURYLGHGE\FURSODQG
PDQDJHPHQW  DQG JUD]LQJ ODQG PDQDJHPHQW  6PLWK HW DO

,QWURGXFWLRQ

)RUWKHSRRUHVWSHRSOHDGMXVWLQJIRRGSURGXFWLRQWRDYDULDEOHFOLPDWHLV
ZLWKRXWDGRXEWPRUHLPSRUWDQWDQGMXVWLILDEOHWKDQFRQFHUQDERXWUHGXFLQJ
HPLVVLRQV&DPSEHOO+RZHYHUWXUQLQJDJULFXOWXUDOVRLOIURPDFDUERQ
VRXUFH WR D FDUERQ VLQN E\ DGRSWLQJ LPSURYHG DJULFXOWXUDO PDQDJHPHQW
SUDFWLFHVZRXOGEULQJRXWV\QHUJLHVEHWZHHQFOLPDWHFKDQJHDGDSWDWLRQDQG
PLWLJDWLRQ UHVXOWLQJ LQ PXOWLSOH EHQHILWV IRU SRRU VPDOOKROGHUV DQG WKH
HQYLURQPHQW3UHWW\([SORLWLQJWKHHQRUPRXVPLWLJDWLRQSRWHQWLDORI
DJULFXOWXUH FRXOG LQ DGGLWLRQ WR VORZLQJ GRZQ WKH SURJUHVVLRQ RI FOLPDWH
FKDQJH 6PLWK HW DO  KHOS WR FRPEDW VHYHUH VRLO GHJUDGDWLRQ DQG
LQFUHDVHVRLOSURGXFWLYLW\DQG\LHOGVWDELOLW\/DOE7UDGHRIHFRV\VWHP
VHUYLFHV SDUWLFXODUO\ FDUERQ SD\PHQWV FRXOG HQDEOH FRQVLGHUDEOH ILQDQFLDO
IORZVIURPWKH LQGXVWULDOL]HGFRXQWULHVWRWKHGHYHORSLQJFRXQWULHV&D]RUOD
DQG7RPDQ0HVVQHUHWDO.DKLOXRWRHWDO
1.3.4 CARBON SEQUESTRATION IN AGRICULTURAL SOIL 
:LWK  7W RI FDUERQ WKH VRLO FDUERQ VWRFN LV  WLPHV WKH VL]H RI WKH
DWPRVSKHULF SRRO RI FDUERQ FRQWDLQLQJ  7W RI 62& DQG  7W RI VRLO
LQRUJDQLFFDUERQ6,&/DOE7KH62&SRROLQFOXGHVDFWLYHKXPXVDQG
UHODWLYHO\ LQHUW FKDUFRDO FDUERQ7KH6,&SRRORI HOHPHQWDO FDUERQDQG WZR
W\SHVRIFDUERQDWHPLQHUDOVSULPDU\RUOLWKRJHQLFFDUERQDWHVDQGVHFRQGDU\
RUSHGRJHQLF FDUERQDWHV /DO HW DO 6RLO FDUERQ VHTXHVWUDWLRQPHDQV
WUDQVIHUULQJDQGVWRULQJFDUERQIURPWKHDWPRVSKHUHLQWRORQJWHUPSRROVE\
DGRSWLQJ LPSURYHGPDQDJHPHQW SUDFWLFHV /DO D ,Q DJURHFRV\VWHPV
FDUERQ LVVHTXHVWHUHG LQWRVRLO LQDQ LQGLUHFWZD\DVSODQWVSKRWRV\QWKHVL]H
&2LQWRSODQWELRPDVVSDUWRIZKLFKLVDOORFDWHGWRWKHVRLODQGWUDQVIRUPHG
LQWR62&DQGLQDGLUHFWZD\E\FRQYHUWLQJ&2LQWRVHFRQGDU\FDUERQDWHV
/DOD7XUQLQJ WKHVRLOFDUERQSRRO IURPDVRXUFH LQWRDFDUERQVLQN
UHTXLUHV WKDW FDUERQ VHTXHVWUDWLRQ H[FHHGV FDUERQ UHOHDVH 3DXVWLDQ HW DO
 ,PSOHPHQWDWLRQRI LPSURYHGDJULFXOWXUDOSUDFWLFHV LQIOXHQFHVPDLQO\
WKH62&VWRFN/DO
,Q(WKLRSLDWKHVL]HRIWKH62&VWRFNYDULHVFRQVLGHUDEO\XQGHUGLIIHUHQW
ODQG XVHV DQG FOLPDWH FRQGLWLRQV ,Q QDWXUDO IRUHVWV WKH 62& VWRFN UDQJHV
EHWZHHQDQGWKD6RORPRQHWDO/HPHQLKDQG,WDQQD
/HPPDHWDO LQFXOWLYDWHGVRLOVEHWZHHQDQGWKD 6LOODQSll
 6RORPRQ HW DO  /HPPD HW DO *HODZ HW DO  DQG LQ
RSHQSDVWXUHVRUVLOYRSDVWXUHVEHWZHHQDQGWKD*HODZHWDODW
VRLOGHSWKVUDQJLQJEHWZHHQ±DQG±FP
'HJUDGHG DJULFXOWXUDO VRLOV FDQ UHDFFXPXODWH DERXW ± RI WKH
KLVWRULF ORVV RI FDUERQ WKURXJK LPSURYHG PDQDJHPHQW SUDFWLFHV VXFK DV
DJURIRUHVWU\QRWLOO FRYHU FURSVZDWHU FRQVHUYDWLRQDQGJURZLQJ FURSV IRU
HQHUJ\RQZDVWHODQGV/DOE&RQWLQXRXVXVHRILPSURYHGPDQDJHPHQW
SUDFWLFHV LQFUHDVHV VRLO FDUERQ VWRUDJH WR OHYHOV IROORZLQJ D VLJPRLG FXUYH
UHDFKLQJDPD[LPXPUDWH±\HDUVDIWHULQLWLDWLQJLPSURYHGSUDFWLFHVDQG
FRQWLQXLQJ WKH LQFUHDVH LQ FDUERQ VWRFN XQWLO UHDFKLQJ WKH QHZ OHYHO RI

HTXLOLEULXP XVXDOO\ DIWHU ± \HDUV 6PLWK HW DO :HVW DQG 3RVW

7HPSHUDWXUH UDWHV RI HYDSRUDWLRQ DQG SUHFLSLWDWLRQ YHJHWDWLRQ VRLO
FKDUDFWHULVWLFVDQGPDQDJHPHQWGHWHUPLQH WKHUDWHDQGWLPHRIVRLOFDUERQ
VHTXHVWUDWLRQ 3RVW DQG .ZRQ  'DYLGVRQ DQG -DQVVHQV  ,Q
DJULFXOWXUH WLOODJH W\SH YHJHWDWLRQ FRYHUGHSRVLW RI LQSXWV WRGLIIHUHQW VRLO
GHSWKV DQG FXOWLYDWLRQ KLVWRU\ VKRZ WKH PRVW LQIOXHQFH 3RVW DQG .ZRQ
 8QGHU IDYRXUDEOH FRQGLWLRQV VXFK DV XQGHU SHUHQQLDO YHJHWDWLRQ
DJULFXOWXUDO VRLOV FDQ FRQVHUYH ODUJH DPRXQWV RI 62& %UHMGD  LQ D
SDVVLYH SRRO RI KXPXV IRU KXQGUHGV HYHQ WKRXVDQGV RI \HDUV /DO 
%DWMHV  ,Q VRPH FDVHV WKH VRLO FDUERQ VLQN SRWHQWLDO LQ PDQDJHG
V\VWHPVPD\ EH HYHQ KLJKHU WKDQ LQ QDWXUDO HFRV\VWHPV GH0RUDHV HW DO
6L[HWDODQGKDYH WZLFH WKHSRWHQWLDORIDERYHJURXQGFDUERQ
VWRFN7VFKDNHUW7DNLPRWRHWDO
7KHJOREDOHVWLPDWHRI WKHSRWHQWLDORIDJULFXOWXUDOVRLOV IRU VHTXHVWHULQJ
FDUERQ ZDV HVWLPDWHG WR EH DV KLJK DV ± *W & RYHU ± \HDUV
3DXVWLDQHWDO *OREDOHVWLPDWHVPD\KRZHYHUFRQWDLQKLJK OHYHOVRI
XQFHUWDLQW\EHFDXVH WKH\DUHEDVHGRQKLJKO\DJJUHJDWHGGDWD6PLWKHWDO
 HVWLPDWHG WKH PLWLJDWLRQ SRWHQWLDOV RI QRQOLYHVWRFN SUDFWLFHV RQ
FURSODQGDQGJUDVVODQGVIRUDZDUPGU\FOLPDWH]RQHDV±W&KD
\E\5HIRUHVWDWLRQRIDEDQGRQHGWURSLFDOFURSODQGVDQGSDVWXUHVPD\
VHTXHVWHU  W&KD \ GXULQJ WKH ILUVW\HDUV DIWHU HVWDEOLVKPHQW DQG
W&KD\GXULQJWKHIROORZLQJ\HDUV6LOYHUHWDO0RVWRIWKH
UHJLRQDOHVWLPDWHVZHUHSHUIRUPHGLQWHPSHUDWHUHJLRQV
1.3.5 PAYMENTS FOR CARBON SEQUESTRATION  
&DUERQ WUDGLQJ EHWZHHQ WKH LQGXVWULDOL]HG DQG GHYHORSLQJ FRXQWULHV FRXOG
HQDEOHPLWLJDWLRQ DFWLRQV WR EH FDUULHG RXW FRVWHIIHFWLYHO\ VLPXOWDQHRXVO\
ILQDQFLQJFOLPDWHVPDUWGHYHORSPHQW&DUERQWUDGLQJPD\RIIHUSHUKDSVWKH
RQO\IHDVLEOHZD\RINHHSLQJWKHULVHLQJOREDOPHDQWHPSHUDWXUHEHORZWKH
&FULWLFDOOLPLWV*HUPDQ$GYLVRU\&RXQFLORQ*OREDO&KDQJH:%*8
7KHIORZRIIXQGVIURP1RUWKWR6RXWKFRXOGHQKDQFHJOREDOFOLPDWHHTXLW\
EHWZHHQ FRXQWULHV KLVWRULFDOO\ WKH PRVW UHVSRQVLEOH IRU FRQWULEXWLQJ WR
FOLPDWHFKDQJHDQGWKRVHPRVWYXOQHUDEOH WR WKH LPSDFWVRIFOLPDWHFKDQJH
&D]RUOD DQG 7RPDQ  ,PSOHPHQWLQJPLWLJDWLRQ FRXOG SURYLGH D QHZ
VRXUFH RI LQFRPH GLYHUVLI\LQJ WKH OLYHOLKRRGV RI VPDOOKROGHUV &DPSEHOO
/DOD
:LWKLQWKHUHJXODWRU\FDUERQPDUNHWVDQGWKH.\RWR3URWRFRO WKH&OHDQ
'HYHORSPHQW 0HFKDQLVP &'0 HQDEOHV D FRXQWU\ ZLWK HPLVVLRQ
FRPPLWPHQWWR LPSOHPHQWDPLWLJDWLRQSURMHFW LQWKHGHYHORSLQJFRXQWULHV
7KH EX\HU FDQ XVH WKH HPLVVLRQ FUHGLWV LVVXHG IRU PLWLJDWLRQ WR RIIVHW
HPLVVLRQV E\ SD\LQJ WKH KRVW SDUWQHU RI WKH PLWLJDWLRQ SURMHFW 8QLWHG
1DWLRQV )UDPHZRUN &RQYHQWLRQ RQ &OLPDWH &KDQJH 81)&&& 
$OWKRXJK DJULFXOWXUH LV QRW GLUHFWO\ LQFOXGHG LQ WKH WUHDW\ ODQGXVH DQG
,QWURGXFWLRQ

HQHUJ\UHODWHG SURMHFWV FDQ WR VRPH H[WHQW EH UHDOL]HG LQ WKH DJULFXOWXUDO
VHFWRU ,Q DGGLWLRQ YROXQWDU\ FDUERQ PDUNHWV RIIHU DQ RSSRUWXQLW\ IRU
YROXQWDU\HPLVVLRQFRPSHQVDWLRQLQDJULFXOWXUH%U\DQHWDO
,Q UHFHQW \HDUV WKH JOREDO FDUERQPDUNHWV KDYH LQFUHDVHG WKHLU YROXPH
DQG YDOXH .RVVR\ DQG *XLJRQ  'HVSLWH $IULFD¶V FRQVLGHUDEOH
PLWLJDWLRQ SRWHQWLDO WKH QXPEHU RI SURMHFWV KDV UHPDLQHG PDUJLQDO OHVV
WKDQ  RI DOO &'0 SURMHFWV 8QLWHG 1DWLRQV (QYLURQPHQW 3URJUDPPH
81(3  ([FOXVLRQ RI VRLO FDUERQ VHTXHVWUDWLRQ IURP PRVW FOLPDWH
DJUHHPHQWVDQG WKHYDULRXV UHTXLUHPHQWVRI WKH WUHDWLHVZKLFKDUHGLIILFXOW
IRU66$FRXQWULHVWRTXDOLI\ZHUHVXJJHVWHGDVPDMRUFRQVWUDLQWVUHVWULFWLQJ
DFFHVVWRPDUNHWV-LQGDOHWDO,QDGGLWLRQORZLQVWLWXWLRQDOFDSDFLW\
HFRQRPLF DQG SROLWLFDO LQVWDELOLW\ WHQXUH LQVHFXULW\ DQG KLJK WUDQVDFWLRQ
FRVWVDUHRIWHQUHIHUUHGWRDVSUHYHQWLQJWKHVFDOLQJXSRIPLWLJDWLRQSURMHFWV
LQ66$-LQGDOHWDO6PLWKHWDO
1.4 RESEARCH NEEDS 
'XULQJ UHFHQW GHFDGHV QXPHURXV VWXGLHV KDYH LQFUHDVHG RXU NQRZOHGJH RI
WKHGLUHFWHIIHFWVRIFOLPDWHFKDQJHRQDJULFXOWXUDOSURGXFWLRQ/REHOOHWDO
 .QR[ HW DO  .XUXNXODVXUL\D DQG 5RVHQWKDO  6XOWDQ HW DO
 $W WKH WLPH ZKHQ WKH GHPDQG IRU DJULFXOWXUDO SURGXFWV KDV EHHQ
HVWLPDWHG WR LQFUHDVH WKLV MXVWLILHV DJULFXOWXUDO LQWHQVLILFDWLRQ DQG
DGDSWDWLRQ WR FKDQJHV UHPDLQLQJ KLJKOLJKWHG LQ WKH DJHQGD +RZHYHU
XQGHUVWDQGLQJ WKH ULFK SLFWXUH RI WKH FRPSOH[ LQWHUDFWLRQ EHWZHHQ FOLPDWH
FKDQJH DQG IRRG VHFXULW\ UHTXLUHV IXUWKHU LQVSHFWLRQ RI WKH GLPHQVLRQV RI
DFFHVV VWDELOLW\ DQG XWLOL]DWLRQ RI IRRG 7KHVH DVSHFWV FXUUHQWO\ UHSUHVHQW
RQO\RISXEOLVKHGVWXGLHVLQWKHILHOGRIIRRGVHFXULW\DQGFOLPDWHFKDQJH
:KHHOHU DQG YRQ %UDXQ  6R IDU VWXGLHV KDYH SURYLGHG WKH UHVXOWV
QDUURZO\ DYRLGLQJ LQWHJUDWLRQ RI WKH VRFLDO HFRQRPLF DQG ELRSK\VLFDO
SHUVSHFWLYHVDQGIRFXVLQJRQWKHHDVLO\DFFHVVLEOHUHJLRQV:KHHOHUDQGYRQ
%UDXQ+RZHYHULQSROLWLFDOGLVFXVVLRQDQGGHFLVLRQPDNLQJDLPLQJDW
HQKDQFLQJVXVWDLQDEOHGHYHORSPHQWJOREDOO\WKHFRQWH[WRIIRRGVHFXULW\KDV
EHHQ KLJKOLJKWHG *UHJRU\ HW DO  7KHUH LV D QHHG IRU D KROLVWLF
DSSURDFK WKDW DFNQRZOHGJHV WKH FRPSOH[ HQVHPEOH LQVWHDG RI WKH
GLVFRQQHFWHG VHFWRUV 6XFK DQ DSSURDFK ZLOO FRQWULEXWH WR D PRUH
FRPSUHKHQVLYH DVVHVVPHQW ZKLFK LV FUXFLDO WR VROYLQJ REVWDFOHV DQG
FRQVWUDLQWV KLQGHULQJ HIIRUWV WR HQKDQFH IRRG VHFXULW\ LQ WKH FKDQJLQJ
FOLPDWH 7KH SRWHQWLDO V\QHUJLHV EHWZHHQ FOLPDWH FKDQJH PLWLJDWLRQ DQG
DGDSWDWLRQ LQ DJULFXOWXUH DQG SDUWLFXODUO\ WKH FRQVLGHUDEOH EHQHILWV IRU WKH
OLYHOLKRRGVRISRRUVPDOOKROGHUVLQWKHGHYHORSLQJFRXQWULHVFDOOIRUUHVHDUFK
WRLQFUHDVHRXUXQGHUVWDQGLQJRIWKHUHODWLRQVKLSEHWZHHQIRRGVHFXULW\DQG
FOLPDWHFKDQJHPLWLJDWLRQ
([SORLWLQJ WKH SRWHQWLDO RI FOLPDWH FKDQJH PLWLJDWLRQ LQ DJULFXOWXUH IRU
HQKDQFLQJ IRRG VHFXULW\ UHTXLUHV XQGHUVWDQGLQJ RI WKH DJURHFRORJLFDO DQG

VRFLRHFRQRPLF IDFWRUV WKDW PD\ SURPRWH RU FRQVWUDLQ DFKLHYHPHQW RI WKH
JRDOV([LVWLQJIUDPHZRUNVLOOXVWUDWHWKHLQIOXHQFHRIFOLPDWHFKDQJHRQIRRG
VHFXULW\ )$2  DQG IHHGEDFNV EHWZHHQ IRRG V\VWHPV DQG
HQYLURQPHQWDO DQG VRFLRHFRQRPLF GULYHUV (ULFNVHQ  +RZHYHU WKH
LQWHUOLQNDJHVRIFOLPDWHFKDQJHPLWLJDWLRQDQGIRRGVHFXULW\KDYHQRWEHHQ
GHPRQVWUDWHGEHIRUH7KHUHLVDQHHGIRUFRQFHSWXDOL]LQJWKHUHODWLRQVKLSRI
FOLPDWH FKDQJH PLWLJDWLRQ DQG IRRG VHFXULW\ 6XFK WKLQNLQJ FRXOG
FRPSUHKHQVLYHO\ SLHFH WRJHWKHU WKH LQIOXHQFH RI DOWHUQDWLYH PLWLJDWLRQ
RSWLRQVRQWKHYDULRXVDVSHFWVRIIRRGVHFXULW\DQGIDFLOLWDWHVLGHQWLILFDWLRQRI
WKHERWWOHQHFNVDQGVROXWLRQV
7KH LPSOHPHQWDWLRQ RI SRWHQWLDO PLWLJDWLRQ DFWLRQV RFFXUV DW WKH
VPDOOKROGHUVIDUPLQJV\VWHPOHYHO3RSXODWLRQSUHVVXUHGHFUHDVHGKROGLQJ
VL]HVDQGGHIRUHVWDWLRQKDYHUHVXOWHGLQWRXJKFRPSHWLWLRQIRUWKHXVHRIFURS
UHVLGXHV DQG PDQXUH HLWKHU IRU IXHO RU VRLO DPHQGPHQW &RUEHHOV HW DO
 %HUKDQX  %DWLRQR HW DO  5HGXFHG UHWXUQ RI FDUERQ
UHVLGXHV WR WKH VRLO IXUWKHU GHSOHWHV WKH DOUHDG\ ORZ VRLO FDUERQ VWRFN
'LUHFWLQJ D KLJKHU SURSRUWLRQ RI FDUERQ LQWR WKH VRLO FRXOG FRQWULEXWH WR
WXUQLQJDJULFXOWXUDOVRLOIURPDFDUERQVRXUFHWRDFDUERQVLQNDQGLPSURYH
VRLO SURGXFWLYLW\ /DO HW DO  &XUUHQWO\ WKHUH DUH IHZ HVWLPDWHV RI WKH
SRWHQWLDO IRU LPSURYLQJUHVRXUFHXVHHIILFLHQF\ LQ IDUPLQJV\VWHPV LQ$IULFD
0DQOD\HWDO*LOOHUHWDO5XILQRHWDO2UJDQLFFDUERQ
IORZVDQGORVVHVRIFDUERQKDYHQRWEHHQVWXGLHGEHIRUHLQIDUPLQJV\VWHPV
LQ(DVW$IULFD4XDQWLWDWLYHHVWLPDWHVRIWKHIORZVRIKDUYHVWHGDQGLPSRUWHG
FDUERQ DQG FDUERQ ORVVHV ZRXOG LQFUHDVH RXU XQGHUVWDQGLQJ RI WKH
PDJQLWXGH DQG FDXVHV RI FDUERQ ORVVHV DQG WKH SRWHQWLDO IRU HFRORJLFDOO\
LQWHQVLI\LQJWKHXVHRIFDUERQLQIDUPLQJV\VWHPV
7KHHIIHFWVRILPSURYHGDJULFXOWXUDOPDQDJHPHQWSUDFWLFHVRQVRLOFDUERQ
VWRFN KDYH VSDUNHG JUHDW LQWHUHVW GXH WR WKH KLJK HVWLPDWHG SRWHQWLDO IRU
FOLPDWH FKDQJH PLWLJDWLRQ DQG UHVWRUDWLRQ RI GHJUDGHG VRLOV 6PLWK DQG
2OHVHQ6FKPLGWHWDO6RIDUVWXGLHVFRQGXFWHGLQ(WKLRSLDKDYH
TXDQWLILHG VRLO FDUERQ VWRFNV LQ YDULRXV ODQG XVHV FKDQJHV LQ VRLO FDUERQ
VWRFNV DIWHU WUDQVLWLRQ IURP IRUHVW WR DJULFXOWXUDO ODQG DQG WKH HIIHFWV RI
H[RWLFUHIRUHVWDWLRQ6RORPRQHWDO/HPHQLKDQG,WDQQD/HPPD
HWDO*HODZHWDO7KHUHDUHRQO\DIHZDYDLODEOHHVWLPDWHVRIWKH
VRLOFDUERQVHTXHVWUDWLRQSRWHQWLDORIDJULFXOWXUDOSUDFWLFHV LQ66$([LVWLQJ
HVWLPDWHVFRQFHUQLQJ66$DUHPDLQO\EDVHGRQSURFHVVPRGHOVGHYHORSHGDQG
YDOLGDWHG XQGHU WHPSHUDWH FRQGLWLRQV )DUDJH HW DO  .DPRQL HW DO
6PLWKHWDO%DWMHV7KHODFNRIULJRURXVHVWLPDWHVRIWKH
VRLOFDUERQVHTXHVWUDWLRQSRWHQWLDORIWKHLPSURYHGSUDFWLFHVKDVEHHQDUJXHG
DVRQHRIWKHPDMRUERWWOHQHFNVIRULQFOXGLQJDJULFXOWXUHLQFDUERQPDUNHWV
SUHYHQWLQJWKHLQWURGXFWLRQRIFDUERQSD\PHQWVWRVPDOOKROGHUV%U\DQHWDO
 .DKLOXRWR HW DO  7KHUHIRUH HPSLULFDO NQRZOHGJH RI WKH
DJULFXOWXUDOFDUERQVHTXHVWUDWLRQSRWHQWLDOLQ(DVW$IULFDLVQHHGHG 
$,062)7+(5(6($5&+

2 AIMS OF THE RESEARCH 
+HUH , DLP WR H[SORUH WKH SRWHQWLDO RI FOLPDWH FKDQJH PLWLJDWLRQ LQ
DJULFXOWXUH IRUHQKDQFLQJ IRRGVHFXULW\ LQ66$4XDOLWDWLYHDQGTXDQWLWDWLYH
DSSURDFKHVZHUHXVHGWRDQVZHUWKHIROORZLQJVSHFLILFUHVHDUFKTXHVWLRQV
  
 :KDWDUHWKHGHWHUPLQDQWVLQIOXHQFLQJSRVVLELOLWLHVRIFOLPDWHFKDQJH
PLWLJDWLRQLQDJULFXOWXUHWRHQKDQFHIRRGVHFXULW\,"
 :KDW LV WKH SRWHQWLDO IRU HQKDQFLQJ WKH XVH RI FDUERQ IRU VRLO
DPHQGPHQW,,"
 :KDW LV WKH SURSRUWLRQ RI KDUYHVWHG DQG LPSRUWHG FDUERQ
DOORFDWHG D IRU IRRG DQG E IRU VRLO LQ VPDOOKROGHU PL[HGIDUPLQJ
V\VWHPV"
 :KDW DUH WKH PDMRU ORVVHV RI FDUERQ UHGXFLQJ WKH SURSRUWLRQ
UHF\FOHGWRWKHVRLO"
 :KDW DUH WKH GHWHUPLQLQJ IDFWRUV IRU WKH SURSRUWLRQ RI FDUERQ
XVHGIRUVRLODQGRIWKHFDUERQORVVHV"
 :KDW DUH WKH FDUERQ VHTXHVWUDWLRQ SRWHQWLDOV RI DJURIRUHVWU\
UHVWUDLQHGJUD]LQJDQGIDUPODQGWHUUDFLQJ,,,"
 +RZODUJH LV WKH62&VWRFNRIDJULFXOWXUDO ODQGXQGHUWKHWKUHH
DJURHFRORJLFDOSUDFWLFHV"
 ,VWKH62&VWRFNKLJKHUXQGHUWKHDJURHFRORJLFDOSUDFWLFHVWKDQ
LQWUDGLWLRQDOIDUPLQJ"
3 MATERIA
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FIGURE 2a,b. Landscape of the case regions: 2a: Kobo, 2b: Sire. Photos: Karoliina Rimhanen 
,QERWKFDVHUHJLRQVDJULFXOWXUDOSURGXFWLRQZDVFKDUDFWHUL]HGE\KLJKODQG
WHPSHUDWH PL[HG IDUPLQJ ZKLFK RFFXSLHV DERXW  RI WKH ODQG DUHD LQ
(WKLRSLD DQG  RI WKH DUHD LQ (DVW$IULFD 'L[RQ HW DO  )$267$7
 /LYHVWRFN DUH LPSRUWDQW IRU ILQDQFLDO VHFXULW\ GUDIW SRZHU
WUDQVSRUWDWLRQIXHODQGFXOWXUH$QLPDOVJUD]HIUHHO\RQFRPPXQDOODQGDQG
RQ ILHOGV DIWHU KDUYHVWLQJ ,Q .RER VXEVLVWHQFH IDUPLQJ LV FRPPRQ *UHDW
PLOOHW LV EURDGO\ FXOWLYDWHG IRU LWV GURXJKW WROHUDQFH ZKLOH ZKHDW WHII
(UDJURVWLV WHI =XFF 7URWWHU DQG EDUOH\ +RUGHXP YXOJDUH / DUH DOVR
JURZQ ,Q 6LUH FURS URWDWLRQV DUH PRUH GLYHUVH FRQWDLQLQJ WHII ZKHDW
EDUOH\PDL]HDQGYDULRXVFDVKFURSV VXFKDVYHJHWDEOHVDQGSXOVHV+RPH
JDUGHQW\SHDJURIRUHVWU\LVDOVRSUDFWLVHGRQPDQ\IDUPV
7KHDQQXDOUDQJHRIWKHPHDQDQQXDOWHPSHUDWXUHDQGSUHFLSLWDWLRQZDV
±&DQG±PPPHDQPPLQ.RERDQG±&DQG±
 PP PHDQ  PP LQ 6LUH RQ DYHUDJH 1DWLRQDO 0HWHRURORJLFDO
$JHQF\ RI (WKLRSLD 10$  10$  7KH ILJXUHV LQGLFDWH QRWDEOH
GLIIHUHQFHV LQ SUHFLSLWDWLRQ GHILFLWV DQG GLIIHUHQFH LQ SUHFLSLWDWLRQ UDQJH
EHWZHHQ .RER DQG 6LUH ZKLFK LQIOXHQFH \LHOG VWDELOLW\ DQG UHOLDELOLW\ DQG
GHWHUPLQHIDUPLQJVWUDWHJLHV
(WKLRSLD KDV WZR JURZLQJ VHDVRQV 7KH PDLQ VHDVRQ ‘PHKHU’ H[SORLWV
UDLQV EHWZHHQ -XQH DQG2FWREHU DQG SURGXFHV ± RI WKH WRWDO FHUHDO
RXWSXWV DQG WKH VPDOO JURZLQJ VHDVRQ  ‘EHOJ’ EHWZHHQ )HEUXDU\ DQG -XQH
86 'HSDUWPHQW RI $JULFXOWXUH 86'$  0RVW RI WKH DQQXDO
SUHFLSLWDWLRQ IDOOV LQ $XJXVW PP -XO\ PP0D\ PP DQG
6HSWHPEHUPP:RUOG%DQNE)DLOXUHVSDUWLFXODUO\LQEHOJUDLQV
KDYH EHHQ UHSRUWHG LQ WKH QRUWKHUQ SDUWV RI WKH FRXQWU\ UHVXOWLQJ LQ FURS
IDLOXUHV 86'$  )DUPHU HVWLPDWHG WKDW WKH SUHFLSLWDWLRQ LQ WKH
JURZLQJVHDVRQZDVORZDQGLQDYHUDJH
,Q.RER WKH VRLO WH[WXUHZDV ORDP VDQG\ ORDP ORDP\ VDQGDQG VDQG\
FOD\ORDP,Q6LUHWKHVRLOVZHUHVXEVWDQWLDOO\PRUHILQHWH[WXUHGLQFOXGLQJ
FOD\ VLOW\ FOD\ ORDP FOD\ ORDP DQG VLOW\ ORDP VRLOV 7KH VRLO FDUERQ
FRQFHQWUDWLRQVUDQJHGEHWZHHQDQGLQ6LUHDQGDQGLQ
.RER,,,
 

3.2 DESIGN OF THE STUDIES 
3.2.1 CONSTRUCTING AN ANALYTICAL FRAMEWORK (I) 
$Q H[SODQDWRU\ FDVHVWXG\ DSSURDFK ZDV XVHG WR FUHDWH DQ DQDO\WLFDO
IUDPHZRUNIRULGHQWLI\LQJWKHFDXVDOUHODWLRQVKLSVDQGPHFKDQLVPVEHWZHHQ
FOLPDWHFKDQJHPLWLJDWLRQDQGIRRGVHFXULW\LQ(DVW$IULFD7KHIRFXVZDVRQ
RSWLRQVIRUFDUERQWUDGLQJLQWKHDJULFXOWXUDODQGODQGXVHVHFWRUVLQJHQHUDO
EHWZHHQ )LQODQG DQG (WKLRSLD 7ZR VHWV RI LQWHUYLHZ GDWD ZHUH FROOHFWHG
QDPHO\ SLORW LQWHUYLHZV DQG LQGHSWK LQWHUYLHZV $ WKLUG VHW RI GDWD ZDV
JHQHUDWHGIURPIRFXVJURXSGLVFXVVLRQV
)LUVW D K\SRWKHWLFDO DQDO\WLFDO IUDPHZRUN RI WKH IDFWRUV DIIHFWLQJ WKH
SRWHQWLDO RI FOLPDWH FKDQJH PLWLJDWLRQ IRU HQKDQFLQJ IRRG VHFXULW\ ZDV
FUHDWHG EDVHG RQ H[LVWLQJ OLWHUDWXUH )$2  +RZGHQ HW DO 
6FKPLGKXEHU DQG7XELHOOR  -LQGDO HW DO  /DO DQG )ROOHWW 
2UJDQL]DWLRQIRU(FRQRPLF&RRSHUDWLRQDQG'HYHORSPHQW2(&'
6HFRQGWKHK\SRWKHWLFDODQDO\WLFDOIUDPHZRUNZDVYDOLGDWHGDQGGHILQHG
WKURXJK LQGLYLGXDO LQGHSWK WKHPH LQWHUYLHZV Q    DQG IRFXV JURXS
GLVFXVVLRQV Q    7KH LQGHSWK WKHPH LQWHUYLHZV ZHUH FRQGXFWHG ZLWK
DFWRUV DW WKH JOREDO DQG QDWLRQDO OHYHOV LQ (WKLRSLD DQG )LQODQG DQG IRFXV
JURXSGLVFXVVLRQVZLWKIDUPHUJURXSVLQWKHWZR(WKLRSLDQFDVHUHJLRQV3LORW
LQWHUYLHZVQ ZHUHSHUIRUPHGLQWKH&HQWUDO5LIW9DOOH\RI(WKLRSLDWR
VHUYH IRFXVLQJRQ WKH LQGHSWK LQWHUYLHZVDQG IRFXVJURXSGLVFXVVLRQV7KH
SLORW LQWHUYLHZV FRPSULVHG LQWHUYLHZV ZLWK VPDOOKROGHUV Q    DQ
DJULFXOWXUDOVFLHQWLVWQ DJULFXOWXUDODGYLVHUVQ DQHQYLURQPHQWDO
H[SHUWQ IRUHVWU\VSHFLDOLVWVQ DQGUHJLRQDODGPLQLVWUDWRUVQ 
7KH LQGHSWK LQWHUYLHZHH DW WKH JOREDO OHYHO W\SLFDOO\ GHPRQVWUDWHG
H[SHUWLVHLQFOLPDWHHQHUJ\IRRGSROLF\DQGFDUERQWUDGLQJQ PDWWHUV
$W WKH QDWLRQDO OHYHO WKH LQGHSWK LQWHUYLHZHHV RI WKH EX\HU FRXQWU\
)LQODQGUHSUHVHQWHGH[SHUWV LQFDUERQWUDGLQJQ DQGGHYHORSPHQWDO
SROLF\ Q    QRQJRYHUQPHQWDO RUJDQL]DWLRQV 1*2V RULHQWHG WRZDUGV
HQYLURQPHQWDOQ DQGGHYHORSPHQWDOLVVXHVQ DQGUHVHDUFKQ 
7KHLQGHSWKLQWHUYLHZHHVRIWKHKRVWFRXQWU\(WKLRSLDUHSUHVHQWHGH[SHUWV
LQGHYHORSPHQWDODQGZDWHULVVXHVQ DGPLQLVWUDWLRQQ DQG1*2V
RULHQWHG WRZDUGV FDUERQ WUDGLQJ Q    DQG GHYHORSPHQW Q    7KH
LQWHUYLHZ JXLGH RI LQGHSWK LQWHUYLHZV LQFOXGHG TXHVWLRQV DERXW
VPDOOKROGHUV¶ DFFHVV WR JOREDO FDUERQ PDUNHWV SUHFRQGLWLRQV RI WKH EX\HU
DQGKRVWSDUWQHUV IRU FDUU\LQJRXWPLWLJDWLRQSURMHFWVDQGPHWKRGVXVHG LQ
PLWLJDWLRQ SURMHFWV WR HQKDQFH WKH YDULRXV DVSHFWV RI IRRG VHFXULW\ DQG
GLVWULEXWLRQRIEHQHILWV
)RFXV JURXS GLVFXVVLRQV ZHUH KHOG LQ .RER DQG 6LUH VHSDUDWHO\ IRU
DGYDQFHG EHWWHURII IDUPHUV ZLWK DVVHWV UHVRXUFHOLPLWHG IDUPHUV ZLWK WKH
OHDVW DVVHWV EHORQJLQJ WR WKH JRYHUQPHQWV SRYHUW\ VDIHW\QHW SURJUDPPH
DQGIHPDOHIDUPHUVZLWKIRXUSDUWLFLSDQWV LQHDFKGLVFXVVLRQ7KHWRSLFVRI
WKHIRFXVJURXSGLVFXVVLRQVFRQFHUQHGWKHSRWHQWLDOLPSDFWVRIWKHPLWLJDWLRQ
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RSWLRQVRQIRRGSURGXFWLRQDQGVRXUFHVRILQFRPHFRQVWUDLQWVIRUVFDOLQJXS
PLWLJDWLRQSUDFWLFHVDQGFDUERQWUDGLQJDQGGLVWULEXWLRQRIEHQHILWV
3LORW LQWHUYLHZVZHUHFRQGXFWHGLQ$PKDULFE\DQ(WKLRSLDQDJULFXOWXUDO
UHVHDUFKHU WUDLQHG E\ WKH DXWKRU ,QGLYLGXDO LQGHSWK LQWHUYLHZV ZHUH
FRQGXFWHGE\WKHDXWKRULQ(QJOLVKDQG)LQQLVK7KHIRFXVJURXSGLVFXVVLRQV
ZHUHFRQGXFWHGLQ$PKDULFLQ.RERDQGLQ2URPRLQ6LUHE\WZR(WKLRSLDQ
VRFLRHFRQRPLF UHVHDUFKHUV WUDLQHG E\ WKH DXWKRU 7KH GXUDWLRQ RI WKH
LQWHUYLHZV UDQJHG EHWZHHQ  DQG  KRXUV 7KH LQWHUYLHZV ZHUH UHFRUGHG
WUDQVFULEHGDQGWUDQVODWHGLQWR(QJOLVK
7KHUHVHDUFKPDWHULDOZDVFRGHGDQGVWUXFWXUHGLQWRWKHPHV7KHWKHPHV
WKDWDSSHDUHGIURPWKHLQGHSWKLQWHUYLHZVDQGIRFXVJURXSGLVFXVVLRQVZHUH
FRPSDUHG ZLWK WKH K\SRWKHWLFDO DQDO\WLFDO IUDPHZRUN DQG GHYHORSHG WR
FRQVWUXFW WKH ILQDODQDO\WLFDO IUDPHZRUN7KHGHWHUPLQDQWVDQGERWWOHQHFNV
IRU WKH V\QHUJLHV EHWZHHQ FOLPDWH FKDQJHPLWLJDWLRQ DQG IRRG VHFXULW\ DQG
WKHSRWHQWLDOIRUUHGXFLQJORVVHVRIFDUERQ,,DVZHOODVWKHPRVWSURPLQHQW
PLWLJDWLRQRSWLRQ,,,LGHQWLILHGLQWKHDQDO\WLFDOIUDPHZRUNZHUHH[SORUHG
LQWKHWZRHPSLULFDOVWXGLHVWKDWIROORZHG)LJXUH
 
Figure 3. Focuses of the study 
3.2.2 QUANTIFYING THE POTENTIAL TO ENHANCE THE USE OF 
CARBON TO SOIL (II) 
$FDVHVWXG\DSSURDFKZDVXVHGDVDUHVHDUFKVWUDWHJ\WRHPSLULFDOO\TXDQWLI\
WKH IORZV RI FDUERQ KDUYHVWHG RQ WKH IDUP DQG LPSRUWHG WR WKH IDUP WKDW
HQGHGXSLQWKHIRRGVRLODQGDV ORVVHV LQUHDOOLIH IDUPLQJV\VWHPV)LJXUH
 7KH IDUPLQJ V\VWHP ZDV RXWOLQHG RQ D IXQFWLRQDO EDVLV FRPSRVHG RI
FURSSLQJ OLYHVWRFN UDLVLQJ JUD]LQJ FRPSRVWLQJ DQG IRRG DQG HQHUJ\

FRQVXPSWLRQ RI WKH KRXVHKROG ,Q ERWK FDVH UHJLRQV WZR FDVH IDUPV WKDW
UHSUHVHQWHGWKHH[WUHPHUDQJHIRUWKHUHVRXUFHDYDLODELOLW\LQWKHUHJLRQZHUH
VHOHFWHGIRUWKHVWXG\Q 7KHEHWWHURIIIDUPVZLWKJUHDWHUUHVRXUFHVKDG
ODUJHUKROGLQJVPRUHOLYHVWRFNDQGPRUHDGYDQFHGDJULFXOWXUDOPDQDJHPHQW
SUDFWLFHVWKDQRQDYHUDJHLQWKHFDVHUHJLRQ7KHUHVRXUFHOLPLWHGIDUPVKDG
VPDOOHUKROGLQJVDQG IHZHUDQLPDOV WKDQRQDYHUDJH LQ WKHFDVHUHJLRQDQG
EHORQJHGWRWKHJRYHUQPHQWVSRYHUW\VDIHW\QHWSURJUDPPH
 
Figure 4. Conceptual model of the stocks and flows of carbon harvested on the farm and 
imported to the farm. Material carbon flows, represented as a solid line, were 
quantified directly. Gaseous carbon losses, represented as a brown dashed line, 
were calculated indirectly based on carbon balance counting, apart from respiration 
from food consumed on farm and respiration from soil. 
+RXVHKROG LQWHUYLHZV ZHUH FRQGXFWHG WR FROOHFW EDVLF LQIRUPDWLRQ RQ WKH
IDUPLQJDQGKRXVHKROGV\VWHPV$GXOWPHPEHUVIURPRQHWRWKUHHSHUVRQV
SDUWLFLSDWLQJ RI WKH IDUP KRXVHKROGVZHUH LQFOXGHG LQ WKH LQWHUYLHZV 7KH
LQWHUYLHZ JXLGH LQFOXGHG TXHVWLRQV RQ IDUP FKDUDFWHULVWLFV DQG UHVRXUFHV
ODQGXVH KLVWRU\ FURS SURGXFWLRQ XVH RI IHUWLOL]HUV PDQXUH DQG FURS
UHVLGXHVKDUYHVWLQJORVVHVFRPSRVWLQJSUDFWLFHVOLYHVWRFNPDQDJHPHQWDQG
JUD]LQJKRXVHKROGGLHWDQGDFTXLVLWLRQRIIRRGPDUNHWHGFURSVDQGH[SRUWV
RI DQLPDOV XVH RI IXHO ZRRG DQGPDQDJHPHQW RI RUJDQLF KRXVHKROGZDVWH
ZLWKLQWKHIDUPLQJV\VWHP7KHLQWHUYLHZVZHUHFRQGXFWHGE\WKHDXWKRUZLWK
WKH DVVLVWDQFH RI WZR(WKLRSLDQ VRFLRHFRQRPLF UHVHDUFKHUV WUDLQHG E\ WKH
DXWKRU LQ $PKDULF LQ .RER DQG LQ 2URPR LQ 6LUH 7KH GXUDWLRQ RI WKH
LQWHUYLHZV UDQJHG EHWZHHQ  DQG  KRXUV 7KH LQWHUYLHZV ZHUH UHFRUGHG
WUDQVFULEHGDQGWUDQVODWHGLQWR(QJOLVK
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7KH FURS \LHOGV IRU WKH  JURZLQJ VHDVRQ ZHUH PDQXDOO\
VDPSOHG DW KDUYHVW WLPH LQ 2FWREHU±1RYHPEHU  RQ WKH VDPH IDUPV
ZKHUHWKHLQWHUYLHZVKDGEHHQFRQGXFWHG)LJXUH7ZRPSORWVLQHDFK
ILHOG ZHUH VDPSOHG DQG WKH IUHVK ZHLJKWV RI WKH JUDLQ DQG VWUDZ ZHUH
UHFRUGHG7KUHHUHSOLFDWHVDPSOHVZHUHDQDO\VHG7KHGU\PDWWHUSHUFHQWDJH
'0 ZZZDVPHDVXUHGE\ GU\LQJ DW  & IRU KRXUV 7KH FDUERQ
FRQFHQWUDWLRQIRUWKHJUDLQDQGVWUDZRIKDULFRWEHDQEDUOH\DQGJUHDWPLOOHW
ZHUH GHWHUPLQHG XVLQJ D /HFR &1 DQDO\VHU /HFR &RUSRUDWLRQ 6W
-RVHSK0,86$7KHFDUERQFRQFHQWUDWLRQVRIZKHDWDQGWHIIZHUHEDVHG
RQOLWHUDWXUHVLQFHWKHLUH[SRUWIURP(WKLRSLDZDVIRUELGGHQ,QDGGLWLRQWKH
GDWDZHUH FRPSOHPHQWHGDQGGRXEOHFKHFNHGZLWK OLWHUDWXUH IURPQDWLRQDO
DQGORFDODUFKLYHVDJULFXOWXUDORIILFHVDQGSXEOLFDWLRQV
 
Figure 5. Crop sampling. Photos Karoliina Rimhanen and Melesse Abera. 
0DWHULDO IORZDQDO\VLV 0)$ZDVXVHG WRGHWHUPLQH WKH IORZVRIKDUYHVWHG
DQG LPSRUWHG FDUERQ 7KH FDUERQ FRQWHQWV LQ WKH IORZVZHUH FDOFXODWHG E\
PXOWLSO\LQJ WKH PDVV RI WKH IORZ E\ LWV FDUERQ FRQFHQWUDWLRQ 7KH FDUERQ
IORZVZHUHH[DPLQHGRYHU WKHDQGJURZLQJVHDVRQV
DQGUHSRUWHGDVWKHPHDQRIWKH\HDUV7KHSURSRUWLRQRIKDUYHVWHGFDUERQ
DOORFDWHG WR IRRGZDVFDOFXODWHGDV WKHTXDQWLW\RIKDUYHVWHGFDUERQHQGLQJ
XSLQIRRGNJWKHTXDQWLW\RIWRWDOKDUYHVWHGFDUERQSURGXFHGRQWKHIDUP
NJ   7KH SURSRUWLRQ RI LPSRUWHG FDUERQ DOORFDWHG WR IRRG ZDV
FDOFXODWHG DV WKHTXDQWLW\RI LPSRUWHG FDUERQHQGLQJXS LQ IRRG NJ  WKH
TXDQWLW\ RI WRWDO LPSRUWHG FDUERQ NJ   7KH SURSRUWLRQ RI KDUYHVWHG
FDUERQ DOORFDWHG WR VRLOZDV FDOFXODWHG DV WKH TXDQWLW\ RI KDUYHVWHG FDUERQ
HQGLQJXS LQVRLO NJ WKHTXDQWLW\RI WRWDOKDUYHVWHGFDUERQSURGXFHGRQ
WKHIDUPNJ7KHSURSRUWLRQRILPSRUWHGFDUERQDOORFDWHGWRVRLOZDV
FDOFXODWHG DV WKH TXDQWLW\ RI LPSRUWHG FDUERQ HQGLQJ XS LQ VRLO NJ  WKH
TXDQWLW\RIWRWDOLPSRUWHGFDUERQNJ
7KHJDVHRXVFDUERQORVVHVZHUHFDOFXODWHGEDVHGRQWKHFDUERQEDODQFHV
IRUSURFHVVHVRFFXUULQJEHIRUHWKHFDUERQHQGHGXSLQWKHIRRGRUVRLO)LJXUH
 LH IRU ELRPDVV EXUQLQJ ELRHQHUJ\ LQ )LJXUH  OLYHVWRFN UDLVLQJ
OLYHVWRFN LQ )LJXUH  DQG FRPSRVWLQJ 7KH DFWXDO JDVHRXV UHWXUQV WR WKH

DWPRVSKHUH IURP VRLO UHVSLUDWLRQ RU IURP UHVSLUDWLRQ RI WKH KRXVHKROG
FRQVXPHUV RI WKH IRRG ZHUH QRW QHHGHG DQG KHQFH QRW LQFOXGHG LQ WKH
EDODQFH FDOFXODWLRQV LQ WKLV DSSURDFK 7KH ORVVHV ZHUH FDOFXODWHG DV WKH
GLIIHUHQFHEHWZHHQFDUERQLPSRUWVDQGH[SRUWVRIHDFKSURFHVVLQFOXGHG
8QFHUWDLQW\ DQDO\VLV IRU0)$ +HGEUDQW DQG 6|UPH ZDV XVHG WR
HVWLPDWH WKH XQFHUWDLQWLHV RI WKH GDWD DQG UHVXOWV 7KH XQFHUWDLQW\ IDFWRUV
ZHUHGHWHUPLQHGIRUHDFKW\SHRIGDWDE\FRPSDULQJWKHGDWDFROOHFWHGLQWKLV
VWXG\ ZLWK WKDW LQ $QWLNDLQHQ HW DO  DQG 'DQLXV  7KH
XQFHUWDLQW\UDQJHLHWKHOLNHO\PLQLPXPDQGPD[LPXPYDOXHVRIHDFKIORZ
ZDVGHILQHG 6HQVLWLYLW\ DQDO\VLVZDV FRQGXFWHG WR WHVW WKH LQIOXHQFH RI WKH
XQFHUWDLQW\UDQJHRQWKHRUGHURIWKHJUHDWHVWFDUERQORVVHV
3.2.3 QUANTIFYING THE CARBON SEQUESTRATION POTENTIAL OF 
AGROECOLOGICAL PRACTICES (III) 
7KHDSSURDFKLQDVVHVVLQJWKHSRWHQWLDORIDJURHFRORJLFDOSUDFWLFHVIRUFDUERQ
VHTXHVWUDWLRQ ZDV EDVHG RQ FRPSDULQJ H[LVWLQJ FRQWUDVWLQJ SUDFWLFHV
$JURHFRORJLFDOSUDFWLFHVWKDWWKHIDUPHUVKDGDGRSWHGDQGXVHGIRUGHFDGHV
WR LPSURYH SURGXFWLYLW\ ZHUH FKRVHQ IRU FRPSDULVRQV ZLWK WUDGLWLRQDO
IDUPLQJ7KHDJURHFRORJLFDOSUDFWLFHVYDULHGLQGLIIHUHQWFDVHUHJLRQVGXHWR
YDULDELOLW\LQWKHDJURHFRORJLFDOFRQGLWLRQVVXFKDVDYDLODEOHZDWHUUHVRXUFHV
DQGWUDGLWLRQV
$VSOLWSORWW\SHILHOGVWXG\ZDVFRQGXFWHGZLWKDPDLQSORWVL]HRI
KD 7KUHH JURXSV RI SORW SDLUV ZHUH LQFOXGHG DV DQ DJURHFRORJLFDO
PDQDJHPHQWSUDFWLFHFRPSULVLQJWKUHHV\VWHPW\SHVDJURIRUHVWU\WHUUDFLQJ
DQG UHVWUDLQHG JUD]LQJ. 7KH FRQWUROV UHSUHVHQWLQJ HDFK WUDGLWLRQDO
FRQYHQWLRQDO PDQDJHPHQW SUDFWLFH WKDW FRQWUDVWHG ZLWK WKH DJURHFRORJLFDO
SUDFWLFHLQFOXGHGFXOWLYDWHGDUDEOHILHOGVIRUDJURIRUHVWU\DQGWHUUDFLQJDQG
XQFXOWLYDWHGSHUPDQHQWSDVWXUH IUHHO\ JUD]HG ODQG IRU UHVWUDLQHGJUD]LQJ
7KHWKUHHJURXSVRISORWSDLUVDJURHFRORJLFDOSUDFWLFHVZHUHWKHOHYHOVRIWKH
ZKROHSORW IDFWRU DQG WKH WZR PDQDJHPHQW SUDFWLFHV WUDGLWLRQDO DQG
DJURHFRORJLFDOZHUHWKHOHYHOVRIWKHVXESORWIDFWRU 
7KH KRPH JDUGHQW\SH DJURIRUHVWU\ VLWHV ZHUH VDPSOHG LQ 6LUH DQG WKH
WHUUDFLQJ DQG UHVWUDLQHG JUD]LQJ VLWHV LQ .RER )LJXUH  7KH DJHV RI WKH
DJURIRUHVWU\ V\VWHPV UDQJHG IURP  to  \HDUV 7KH YHJHWDWLRQ LQ WKH
DJURIRUHVWU\ SORWV LQFOXGHG DFDFLD $FDFLD 0LOO VSHFLHV $UDELDQ FRIIHH
&RIIHDDUDELFD/PDL]HHQVHWH(QVHWHYHQWULFRVXP:HOZ&KHHVHPDQ
FHUHDOVIUXLWVDQGYHJHWDEOHV7KHDJHVRIWKHIDUPODQGWHUUDFLQJUDQJHGIURP
5 to 10 years. Cereals were cultivated on terraces and were ploughed annually. At 
the UHVWUDLQHGJUD]LQJVLWHV IUHHJUD]LQJKDGEHHQIRUELGGHQIRU±\HDUV
UHVXOWLQJ LQ GHYHORSPHQW RI QDWXUDO YHJHWDWLRQ EXW KDUYHVWLQJ RI GU\
EUDQFKHVDQGKD\ZDVSHUPLWWHG
6DPSOLQJ ZDV FRQGXFWHG IURP HLJKW DJURIRUHVWU\ SORWV HLJKW WHUUDFLQJ
SORWVDQGVHYHQUHVWUDLQHGJUD]LQJSORWVZKHUHWKHVHPDQDJHPHQWVKDGEHHQ
SUDFWLVHG IRU WKH ORQJHVW WLPH (DFK RI WKHVH SORWV ZDV SDLUHG ZLWK DQ
0$7(5,$/6$1'0(7+2'6

DGMDFHQW FRQWURO SORW WKDW ZDV PDQDJHG WUDGLWLRQDOO\ The PDQDJHPHQW
KLVWRU\ RI WKH SORWV ZDV GHWHUPLQHG E\ LQWHUYLHZLQJ IDUPHUV 7KH
DJURHFRORJLFDO SUDFWLFHV KDG EHHQ XQGHU WUDGLWLRQDO PDQDJHPHQW EHIRUH
LPSOHPHQWDWLRQRIWKHDJURHFRORJLFDOSUDFWLFHVDQGWKHXVHRIIHUWLOL]HUVZDV
VLPLODU ZLWKLQ WKH SORW SDLUV 7KH VLPLODULW\ ZLWKLQ WKH PDWFKHG SDLUV IRU
WRSRJUDSK\ DQG VRLO WH[WXUH ZDV FRQILUPHG 3RVLWLYH HYLGHQFH WKDW WKH VRLO
FDUERQVWRFNKDGEHHQWKHVDPHLQWKHVHSDLUVRQDGRSWLQJWKHDJURHFRORJLFDO
SUDFWLFHZDVQRWDFTXLUHG
 
Figure 6. Agroecological practices (above) and their traditionally managed controls (below). 
Photos Karoliina Rimhanen. 
7R HVWLPDWH WKH LQWUDSORW YDULDWLRQ HDFK SORW ZDV VSOLW LQWR WKUHH VHFWLRQV
7HQ VXEVDPSOHV IURP WKH ±FP OD\HU RI VRLOZHUH WDNHQZLWK DQ DXJHU
IURPHDFKVHFWLRQDQGSRROHGIRUDQDO\VHV)LJXUH)URPHDFKVHFWLRQWZR
EXONGHQVLW\ǏEVDPSOHVZHUHWDNHQDWWKHVDPHGHSWKZLWKFRUHVDPSOHUVRI
 FP LQ .RER DQG  FP LQ 6LUH 7KH VRLO VDPSOHVZHUH DLUGULHG DQG
JURXQGWKURXJKDPPVLHYH7KHWRWDOFDUERQFRQFHQWUDWLRQVZHUHDQDO\VHG
E\ GU\ FRPEXVWLRQ  & XVLQJ WKH /HFR &1 DQDO\VHU 7KH
FDUERQDWHVZHUHUHPRYHGIURPWKHVDPSOHVE\GLVVROYLQJWKHPZLWK0+&O
7KHUHVXOWVRIWKHVRLORUJDQLFPDWWHU620UHSUHVHQWWKHFDUERQUHPDLQLQJ
LQ WKH RUJDQLFPDWWHU DIWHU WKH+&O WUHDWPHQW 7KHǏE VDPSOHVZHUH GULHG
&IRUKRXUVDQGZHLJKHG7KHǏEJFPZDVFDOFXODWHGDVWKHGU\
ZHLJKWRIWKHVRLOWKHYROXPHRIWKHVRLO7KHVRLOFDUERQVWRFNVH[SUHVVHG
DVWKDZHUHFDOFXODWHGDVWKHFRQFHQWUDWLRQRIVRLOFDUERQWKHǏEWKH
YROXPHFPKDRIVRLOLQDFPKHFWDUHOD\HUDQGDOVRH[SUHVVHGLQNJW
RIVRLO7KHPHDQVRIWKHPHDVXUHPHQWVIURPWKHWKUHHVHFWLRQVZHUHXWLOL]HG
DVREVHUYDWLRQVLQWKHVWDWLVWLFDODQDO\VHV

 
Figure 7. Soil sampling. Photos Kbrom Berhe. 
&RPSDULVRQ RI WKH DJURHFRORJLFDO SUDFWLFHV ZLWK WKHLU WUDGLWLRQDO FRQWUROV
ZLWK UHVSHFW WR WKH VRLO FDUERQ VWRFN ZDV EDVHG RQ VWDWLVWLFDO DQDO\VHV LQ
ZKLFK WKH FRPPRQPL[HGPRGHO IRU D VSOLWSORWGHVLJQZDV HPSOR\HGZLWK
WKUHH IL[HG HIIHFWV PDLQ HIIHFWV RI WKH ZKROHSORW DQG WKH VXESORW IDFWRUV
DQGWKHLULQWHUDFWLRQDQGWZRUDQGRPHIIHFWVZKROHSORWHUURUDQGVXESORW
HUURU 7KH VRLO FDUERQ VWRFNV ZHUH ORJWUDQVIRUPHG WR VDWLVI\ WKH
DVVXPSWLRQVRIWKHFRQVWDQF\RIYDULDQFHIRUDOOREVHUYDWLRQVDQGQRUPDOLW\
RI WKH GDWD 7R FRPSDUH WKH DJURHFRORJLFDO PDQDJHPHQW SUDFWLFHV DQG WR
HOLPLQDWH WKH GLIIHUHQFHV ERWK LQ GXUDWLRQV RI WKH DJURHFRORJLFDO SUDFWLFHV
DQGLQWKHFDUERQVWRFNVRIWKHFRQWUROSORWVIURPWKHFRPSDULVRQDQDO\VLVRI
FRYDULDQFHZDVXWLOL]HG7KHVRLOFDUERQVWRFNVZHUHGLYLGHGE\WKHGXUDWLRQ
RIWKHDJURHFRORJLFDOSUDFWLFHVDQGWKHUDWLRZDVXVHGDVDUHVSRQVHYDULDEOH
LQDPRGHOLQZKLFKWKHFRUUHVSRQGLQJFDUERQVWRFNRIWKHWUDGLWLRQDOFRQWURO
ZDV LQFOXGHG DV D FRYDULDWH WR DFFRXQW IRU GLIIHUHQFHV LQ WKH VL]HV RI WKH
FDUERQVWRFNVRIWKHWUDGLWLRQDOSORWV7KHUHODWLRQVKLSEHWZHHQWKHUHVSRQVH
DQG WKH FRYDULDWH ZDV PRGHOOHG E\ D UHJUHVVLRQ OLQH HQDEOLQJ GLIIHUHQW
LQWHUFHSWVDQGGLIIHUHQWVORSHVIRUWKHDJURHFRORJLFDOSUDFWLFHV7KHDQDO\VHV
ZHUH SHUIRUPHG XVLQJ WKH 0,;(' SURFHGXUH RI WKH 6$667$7 VRIWZDUH
YHUVLRQ6$6,QVWLWXWH,QF&DU\1&86$ 
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4 RESULTS AND DISCUSSION 
4.1 ENHANCING FOOD SECURITY THROUGH CLIMATE 
CHANGE MITIGATION 
,QFUHDVLQJWKHSURGXFWLYLW\RIVHYHUHO\HURGHGDJULFXOWXUDOVRLOVWKURXJKVRLO
FDUERQ VHTXHVWUDWLRQ ZDV FRQVLGHUHG DV WKH SULQFLSDO VWUDWHJ\ WR HQKDQFH
IRRG VHFXULW\ WKURXJK FOLPDWH FKDQJH PLWLJDWLRQ , ,QFUHDVLQJ WKH
SURGXFWLYLW\ZRXOGGLUHFWO\ LQFUHDVH IRRGDQG IRGGHUDYDLODELOLW\ LQ IDUPLQJ
V\VWHPV7KHPD[LPL]DWLRQRIPLWLJDWLRQEHQHILWV LVGHSHQGHQWKRZHYHURQ
DGDSWDWLRQ RI WKH DJURHFRV\VWHP $W WKH UHJLRQDO DQG QDWLRQDO OHYHOV
FRQWULEXWLQJWRWKHRSHUDELOLW\RILQWHUQDOPDUNHWVZDVFRQVLGHUHGFUXFLDOWR
HQKDQFLQJ DFFHVV WR IRRG )LJXUH  $GGLWLRQDO LQFRPH IURP FDUERQ
VHTXHVWUDWLRQ ZDV FRQVLGHUHG LPSRUWDQW WR FRYHU WKH FRVWV RI PRQLWRULQJ
UHSRUWLQJ YHULILFDWLRQ DQG DGYLVRU\ VHUYLFHV DQG DV FRPSHQVDWLRQ IRU
DJULFXOWXUDO GHYHORSPHQW DFWLYLWLHV VXFK DV IHQFLQJ ODQG DQG UHGXFWLRQ RI
FDWWOHQXPEHUVZKLOHVRLOSURGXFWLRQUHFRYHUV
 
Figure 8. Opportunities and means of the agroecological practices for mitigating climate change 
and enhancing food security at the soil, farming system, regional, national and 
global levels. 
7KHQHHG WR UHVWRUH ODUJHDUHDVRI VHYHUHO\ HURGHG DJULFXOWXUDO VRLOV GXH WR
KLVWRULFDO ODQG XVH ZDV KLJKOLJKWHG DPRQJ WKH UHVSRQGHQWV , 6XFK VRLOV
KDYH KLJK SRWHQWLDOV IRU DFFXPXODWLQJ FDUERQ 6PLWK HW DO  DQG
QXWULHQWV FRQWULEXWLQJ WR HQKDQFHG FURS \LHOGV /DO E 6HTXHVWHULQJ
FDUERQ LQ WKH VWDEOH IUDFWLRQ SRRO RI 620 UHTXLUHV WDNLQJ FDUH RI QRW RQO\

FDUERQEXWDOVRVXIILFLHQWDYDLODELOLW\RIWKHNH\QXWULHQWV13DQGVXOSKXU
6ZKLFKFRQWULEXWHWRDQGPDLQWDLQYLWDOVRLOIXQFWLRQV.LUNE\HWDO
,PSURYHG QXWULHQW DQG ZDWHUKROGLQJ FDSDFLW\ 'RUDQ DQG =HLVV 
FRXOG UHGXFH SURGXFWLRQ ULVN LQ WKH ORQJ UXQ XQGHU IOXFWXDWLQJ ZHDWKHU
FRQGLWLRQV WKXV HQKDQFLQJ WKH VWDELOLW\ RI WKH IRRG VXSSO\ ,QFUHDVHG VRLO
TXDOLW\ FRXOG DOVR LPSURYH WKH QXWULWLRQDO YDOXH RI IRRG JURZQ LQ WKH VRLO
HQKDQFLQJWKHKHDOWKDQGXWLOLVDWLRQRIIRRG/DOE)LJXUH
7KHVHOHFWLRQRIORFDOO\VXLWDEOHPLWLJDWLRQRSWLRQVZDVGHSHQGHQWRQWKH
DJURHFRORJLFDO IDFWRUV DQG WKH SUHUHTXLVLWHV IRU LPSOHPHQWLQJ PLWLJDWLRQ
SUDFWLFHV RQ WKH VRFLRHFRQRPLF IDFWRUV   7DEOH  /RFDO IDUPLQJ V\VWHPV
ODQGPDQDJHPHQWDQGDFFHVVWRZDWHUVRXUFHVVHWWKHIUDPHIRUWKHVHOHFWLRQ
RIPLWLJDWLRQRSWLRQVXQGHUORFDOFRQGLWLRQV,7KHWUDGLWLRQRIIUHHJUD]LQJ
DQGORZDYDLODELOLW\RIZDWHU OLPLWHGWKHHVWDEOLVKPHQWRIDJURIRUHVWU\VLWHV
8QGHUVXFKOHVVIDYRXUDEOHDJURHFRORJLFDOFRQGLWLRQVUHVWRUDWLRQRIHURGHG
VORSHVE\IDUPODQGWHUUDFHVDQGFORVLQJWKHDUHDIURPJUD]LQJDQGFROOHFWLRQ
RIIXHOZRRGZHUHFRQVLGHUHGDVIHDVLEOHRSWLRQV
 
Table 1. Factors influencing the potential of climate change mitigation for enhancing food 
security. 

6XSSRUWLQJ JRYHUQDQFH SROLFLHV IDYRXULQJ IRRG VHFXULW\ DQG DFFHVV WR
ILQDQFLDO LQFHQWLYHV DW WKH HDUO\ VWDJH ZHUH FRQVLGHUHG DV LPSRUWDQW
UHTXLUHPHQWV IRU DGRSWLQJ PLWLJDWLRQ SUDFWLFHV )RU WKH SUDFWLFDO
LPSOHPHQWDWLRQ RIPLWLJDWLRQ SUDFWLFHV SRSXODWLRQ SUHVVXUH LQ WKH UHJLRQ
VL]HV RI WKH KROGLQJV NQRZOHGJH RI DQG WUDLQLQJ IRU FDUERQ PDUNHWV DQG
IHDVLEOHPLWLJDWLRQRSWLRQVZHUHKLJKOLJKWHG ,7KHRZQHUVKLSRI WKH ODQG
E\ WKH 6WDWH LQ (WKLRSLD DV LQ PDQ\ RWKHU FRXQWULHV LQ $IULFD FDQ EH D
GHPRWLYDWLQJ IDFWRU UHVWUDLQLQJ VPDOOKROGHUV¶ ZLOOLQJQHVV WR LQYHVW LQ ODQG
DQGDOVRFRQVWUDLQLQJWKHGHYHORSPHQWRIFDUERQSD\PHQWVLQ$IULFD-LQGDO
HWDO
,Q FRPSDULVRQ WR RWKHU PLWLJDWLRQ SUDFWLFHV VXFK DV UHIRUHVWDWLRQ RU
FXOWLYDWLRQRIELRHQHUJ\FURSVFDUERQVHTXHVWUDWLRQLQDJULFXOWXUDOODQGGRHV
QRWFRPSURPLVHIRRGSURGXFWLRQWKHSULRULW\RIDJULFXOWXUHEHFDXVHLWGRHV
QRW UHVXOW LQ FRPSHWLWLRQ LQ WKH IRRGSURGXFLQJ ODQG DUHD 6XWWHU DQG
6RFLRHFRQRPLFGHWHUPLQDQWV $JURHFRORJLFDOGHWHUPLQDQWV
0XOWLOHYHOFRKHUHQFHRISROLF\DQGDFWLRQV /RFDOK\GURORJ\
(DUO\DFFHVVWRILQDQFLDOLQFHQWLYHV 0DQDJHPHQWKLVWRU\
4XDOLW\RIJRYHUQDQFH &XUUHQWODQGPDQDJHPHQW
,QIUDVWUXFWXUHRILQWHUQDOPDUNHWV 
3RSXODWLRQGHQVLW\ 
/DQGWHQXUHV\VWHPV 
.QRZOHGJHDERXWFOLPDWHPLWLJDWLRQRSWLRQV
FDUERQPDUNHWVDQGYHULILFDWLRQ

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3DUUHQR  6PLWK DQG 2OHVHQ  0XOWLSOH ORQJWHUP EHQHILWV
HQFRXUDJH VPDOOKROGHUV WR PDLQWDLQ DQG LQFUHDVH WKH VRLO FDUERQ VWRFN
IXUWKHULQFRQWUDVWWRVDOHDEOHFDUERQVWRFNV
,Q FRQVHTXHQFH RI WKH ORZSULFH RI FDUERQ DQG WKHKLJK FRVWV RI SURMHFW
LPSOHPHQWDWLRQFRPSOHPHQWDU\ LQFRPHVRXUFHVHJ IURPPDUNHWHGFURSV
ZHUH FRQVLGHUHG LPSRUWDQW 7KH LQFUHDVHG SURSRUWLRQ RI FURSV IRU VDOHV
UHVXOWLQJIURPLPSURYHGVRLOSURGXFWLYLW\FRXOGLQFUHDVHKRXVHKROGLQFRPH
IXUWKHU LPSURYLQJ WKH DIIRUGDELOLW\ WR SXUFKDVH LQSXWV DQG IRRG IURP WKH
PDUNHW LQ FDVH RI FURS IDLOXUH WKXV HQKDQFLQJ DFFHVV WR IRRG WKURXJK
PXOWLSOH SRVLWLYH IHHGEDFNV 'LYHUVH VRXUFHV RI LQFRPH ZRXOG FUHDWH DQ
HFRQRPLFEXIIHUIRUVPDOOKROGHUVWKXVHQKDQFLQJWKHVWDELOLW\DVSHFWRIIRRG
VHFXULW\&DPSEHOO)LJXUH
'LUHFWLQJWKHFDUERQSD\PHQWVWRWKHFRPPXQLW\LQVWHDGRIWRLQGLYLGXDO
KRXVHKROGV ZDV VHHQ DV D FRQWULEXWLQJ IDFWRU IRU WKH IDLU GLVWULEXWLRQ RI
EHQHILWV'HPRFUDWLFGHFLVLRQPDNLQJZLWKLQFRPPXQLWLHV FRXOGUHGXFH WKH
ZLHOGLQJSRZHUE\WKHKRXVHKROGKHDGZLWKUHODWLRQWRRWKHUPHPEHUVRIWKH
KRXVHKROG WKXV HQKDQFLQJ WKH GLVWULEXWLRQ RI EHQHILWV HTXDOO\ WR WKHPRVW
SRRU DQGKXQJU\2UJDQL]DWLRQRI IDUPV HJ IDUPFRRSHUDWLYHV FRXOGDOVR
H[SDQG WKH DUHD IRU FDUERQ DJUHHPHQW DQG WKXV IDFLOLWDWH DFFHVV RI
VPDOOKROGHUVWRWKHFDUERQPDUNHW
&RQFHDOPHQW RI WKH SHUVRQDO GHWDLOV RI LQWHUYLHZHHV LQFUHDVHG WKH
UHOLDELOLW\RIWKHLQWHUYLHZGDWD+RZHYHUZKHQDVNHGDERXWSURSHUW\LVVXHV
VXFKDVFDWWOHRU ODQGDUHDFRQWUDGLFWLRQVEHWZHHQGLIIHUHQWTXHVWLRQVZHUH
REVHUYHG 7KH UHVXOWV DOORZHG JHQHUDOL]DWLRQ RI WKH FDVH RI LQWHUDFWLRQ
EHWZHHQ WKH LQGXVWULDOL]HG DQG(DVW$IULFDQ FRXQWULHV 7KH*+* UHGXFWLRQ
VWUDWHJLHV RI )LQODQG DUH W\SLFDO IRU LQGXVWULDO FRXQWULHV DQG WKH DJUR
HFRORJLFDO DQG VRFLRHFRQRPLF FRQGLWLRQV RI WKH FDVH UHJLRQV LQ (WKLRSLD
UHSUHVHQW WKH H[WUHPHV RI UHVRXUFH DYDLODELOLW\ LQ WKH UHJLRQV RI FUXFLDO
LPSRUWDQFHWRIRRGSURGXFWLRQ
4.2 POTENTIAL FOR INCREASING THE USE OF 
HARVESTED CARBON IN SOIL  
,QIDUPLQJV\VWHPVWKHSURSRUWLRQRIKDUYHVWHGFDUERQXVHGIRUIRRGZDV±
DQGLQVRLO±DQGWKDWRILPSRUWHGFDUERQXVHGIRUIRRGZDV±
DQG LQ VRLO ± 7DEOH  )LJXUH D±G ,, $OO KDUYHVWHG DQG LPSRUWHG
HGLEOHVZHUHXVHGDVIRRG7KHODFNRIFRPSHQVDWRU\HQHUJ\VRXUFHVUHVXOWHG
LQFRPSHWLWLYHXVHIRUVWUDZDQGPDQXUHOHDGLQJWRWKHLUXVHPDLQO\IRUIXHO
WKXVUHGXFLQJWKHLUXVHLQVRLO7KHRQO\XQWDSSHGUHVLGXHVIURPWKHIDUPLQJ
V\VWHPZHUHKXPDQH[FUHWDWKDWZHUHQRWUHF\FOHGLQWRDJULFXOWXUDOVRLOEXW
GXJLQWRDSLWRXWVLGHDJULFXOWXUDOODQGDQGRIIDOWKDWZDVWKURZQWRK\HQDV
7KHIDUPHUVMXVWLILHGWKLVSUDFWLFHDVUHGXFLQJK\HQDDWWDFNVWRZDUGVIDPLO\
PHPEHUV DQG OLYHVWRFN +XPDQ H[FUHWD DQG RIIDO FRPELQHG DPRXQWHG WR
EHWZHHQDQGNJ&\ZKLFKLV±RIWKHKDUYHVWHGDQGLPSRUWHG

FDUERQ DQG RI QHJOLJLEOH VLJQLILFDQFH 2WKHU XVHV RI FDUERQ ZHUH QRW
PHQWLRQHGGXULQJWKHVWXG\SHULRGDQGWKXVQRWFRQVLGHUHG2FFDVLRQDOXVHV
RIFDUERQVXFKDVPDQXUHLQZDOOFRQVWUXFWLRQVHUYHGDVWHPSRUDU\FDUERQ
VWRFN IRU VPDOO DPRXQWV RI FDUERQ &RQVHTXHQWO\ LQFUHDVLQJ WKH XVH RI
FDUERQ LQVRLOZRXOGEHSRVVLEOHPDLQO\E\ UHGXFLQJJDVHRXVFDUERQ ORVVHV
IURPWKHIDUPLQJV\VWHP
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Figure 9a–d. Flows of harvested and imported carbon to food, soil and as losses (kg C y-1). The 
figures marked by stars (*) are calculatory, founded on the proportions of harvested 
and imported carbon imported to the process concerned. The flows are means of 
the 2008/2009 and 2009/2010 growing seasons. The primary production represents 
the above ground yield. The field area of each case farm was in a) 0.75 ha, b) 1.5 
ha, c) 2.5 ha and d) 6.25 ha. 

7KH JUHDWHVW FDUERQ ORVVHV RULJLQDWHG IURP ELRPDVV EXUQLQJ DQG OLYHVWRFN
PHWDEROLVPDQGPLQRUORVVHVIURPFRPSRVWLQJ7DEOH7KLVLVLQOLQHZLWK
WKH *+* HPLVVLRQV UHSRUWHG LQ (WKLRSLD WKH PDLQ VRXUFH EHLQJ HQWHULF
IHUPHQWDWLRQ WRWDOOLQJ 0W&2H 7DGHNH  &RQVLGHUDEOH HPLVVLRQV
ZHUHDOVRJHQHUDWHGE\EXUQLQJELRPDVV 0W&2H7DGHNH,Q*+*
UHSRUWLQJ WKHVH DUH FRQVLGHUHG DV µFDUERQQHXWUDO¶ EHLQJ HTXLYDOHQW WR WKH
DPRXQW RI FDUERQ ERXQG LQ SKRWRV\QWKHVLV 6PLWK HW DO  GHVSLWH
YDULRXV DGGLWLRQDO QRQ&2 FRPSRXQGV UHOHDVHG GXULQJ EXUQLQJ $QGUHDH
DQG0HUOHW
+DYLQJ OLYHVWRFN LQGLFDWHV VRFLDO VWDQGLQJ LQ WKH VRFLHW\ DQG VHUYHV DV
LQVXUDQFHIRUIRRGVHFXULW\LQFDVHRIFURSIDLOXUH7KHUHVXOWLQJKLJKQXPEHU
RI OLYHVWRFN LQ UHODWLRQ WR DYDLODEOH IRGGHU OHG WR ORZ IRGGHUXVH HIILFLHQF\
DQGWKXVHPLVVLRQV)XUWKHUPRUHWKHFRPPRQO\SUDFWLVHGIUHHJUD]LQJWKDW
H[WHQGHGHYHQWR ILHOGSORWVDIWHUKDUYHVWLQJ OLNHO\DJJUDYDWHG WKHGHSOHWLRQ
RI WKH VRLO FDUERQ VWRFN SDUWLFXODUO\ LQ WKH 1RUWK ZLWK LWV KLJK OLYHVWRFN
GHQVLW\,,,
Table 2. Proportion (%) of harvested and imported carbon ending up in food, soil and as losses. 
&DVHIDUPV +DUYHVWHGFDUERQHQGLQJXS
 WRIRRG WRVRLO WRORVVHVIURP
   ELRPDVV
EXUQLQJ
OLYHVWRFN
PHWDEROLVP
FRPSRVWLQJ
.RERUHVRXUFHOLPLWHG     
.REREHWWHURII     
6LUHUHVRXUFHOLPLWHG     
6LUHEHWWHURII     
&DVHIDUPV ,PSRUWHGFDUERQHQGLQJXS
 WRIRRG WRVRLO WRORVVHVIURP
   ELRPDVV
EXUQLQJ
OLYHVWRFN
PHWDEROLVP
FRPSRVWLQJ
.RERUHVRXUFHOLPLWHG     
.REREHWWHURII     
6LUHUHVRXUFHOLPLWHG     
6LUHEHWWHURII     
 

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'XULQJFRPSRVWLQJWKHFDUERQVWRFNLQWKHELRPDVVGHFUHDVHVDVDUHVXOWRI
GHFRPSRVLWLRQE\PLFURRUJDQLVPVUHGXFLQJWKHVL]HRIWKHFRPSRVWSLOHDQG
GHFUHDVLQJ WKH &1 UDWLR GH %HUWROGL HW DO  7KH FDUERQ ORVVHV LQ
FRPSRVWV WKDW LQFOXGH FDWWOH PDQXUH FDQ UDQJH EHWZHHQ  DQG 
LQIOXHQFHGPDLQO\E\WKHEHGGLQJPDWHULDOEXONLQJDJHQWDQGHQYLURQPHQWDO
FRQGLWLRQV%HUQDOHWDO'LVWXUEDQFHLQFRQGLWLRQVPD\IXUWKHUUHVXOW
LQFDUERQORVVHVWKURXJK&+SURGXFWLRQXQGHUDQDHURELFFRQGLWLRQVUDSLG
GHJUDGDWLRQRI RUJDQLFPDWWHU DWKLJK WHPSHUDWXUHRU OHDFKLQJDVGLVVROYHG
RUJDQLFFDUERQ3HOHWDO6iQFKH]0RQHGHURHWDO&DUERQPD\
DOVREHVHTXHVWHUHGIURPWKHFRPSRVWSLOHLQWRWKHVRLOEHORZWKHSLOHE\WKH
VRLOIDXQD
7KHSURSRUWLRQRIFDUERQXVHGDVIXHODSSHDUVDVWKHPDLQGHWHUPLQDQW
ZLWK QHJDWLYH FRUUHODWLRQ IRU WKH SURSRUWLRQ RI FDUERQ DOORFDWHG WR WKH VRLO
,, 8QOLNH ORVVHV RI FDUERQ IURP OLYHVWRFN PHWDEROLVP DQG FRPSRVWLQJ
FDUERQ ORVVHV IURP ELRPDVV EXUQLQJ FRXOG HYHQ EH WRWDOO\ DYRLGHG E\
H[SORLWLQJ HQHUJ\ VXEVWLWXWHV IRU PDQXUH DQG VWUDZ DQG QHZ WHFKQRORJLHV
XVLQJ OHVV IXHO7KLVZRXOGPRVW OLNHO\ LQFUHDVHWKHDOORFDWLRQRIUHVLGXHVWR
WKH VRLO )LJXUH  VLQFH WKHLU YDOXH IRU VRLO UHVWRUDWLRQ KDV EHHQ ZHOO
DFNQRZOHGJHG,7KHWRWDODPRXQWRIVWUDZDQGPDQXUHKDUYHVWHGRQIDUPV
DQGXVHGDVHQHUJ\UDQJHGEHWZHHQDQGNJ'0DQGDQG
NJ'0UHVSHFWLYHO\,,$VVXPLQJWKDWWKLVDPRXQWZRXOGEHXVHGDVDVRLO
DPHQGPHQWWKHQXWULHQWLQSXWVZLWKLQIDUPLQJV\VWHPZRXOGUDQJHEHWZHHQ
DQGNJIRU&DQGNJIRU1DQGNJIRU3DQGDQG
NJ IRU . FRQWULEXWLQJ WR FDUERQ VHTXHVWUDWLRQ DV ZHOO DV VRLO TXDOLW\ DQG
SURGXFWLYLW\
6XIILFLHQW VXSSOLHV RI IRGGHU FRXOG LPSURYH WKHSURGXFWLYLW\ RI OLYHVWRFN
DQG WRJHWKHU ZLWK PRUH VWDEOH DQG GLYHUVH LQFRPH VRXUFHV HYHQ OHDG WR
UHGXFWLRQLQWKHWRWDOQXPEHURIFDWWOHWKXVUHGXFLQJHPLVVLRQVDQGGDPDJH
IURP IUHHJUD]LQJ 5HVWULFWLQJ IUHHJUD]LQJ DQG LQWHJUDWLQJ PXOWLSXUSRVH
WUHHV LQWRDJURHFRV\VWHPVFRXOGUHVWRUHVRPHRI WKHFDUERQVWRUDJH,,,E\
LQFUHDVLQJ WKH UHWXUQ RI FDUERQ UHVLGXHV WR WKH VRLO DQG UHGXFLQJ VRLO
GLVWXUEDQFH &KDQJLQJ PDQXUH PDQDJHPHQW WR DQDHURELF GLJHVWLRQ ZLWK
UHFRYHU\ RI &+ FRXOG UHGXFH FDUERQ ORVVHV FRPSDUHG ZLWK FXUUHQW
FRPSRVWLQJ SUDFWLFHV SURGXFH ELRJDV IRU IXHO WKXV UHSODFLQJ ELRPDVV
EXUQLQJ DQG SURGXFH QXWULHQWULFK GLJHVWDWH ZKLFK FRXOG EH XVHG DV
IHUWLOL]HU +ROP1LHOVHQ HW DO  6XFKGHYHORSPHQW FRXOG HQKDQFH WKH
VWDELOLW\ RI WKH IRRG DQG IRGGHU VXSSO\ DQG LPSURYH IRRG VDIHW\ DQG
XWLOL]DWLRQE\GHVWUR\LQJKDUPIXOSDWKRJHQV(GZDUGVDQG'DQLHO
$V IRU WKH LPSRUWHG FDUERQ WKH GDWD GR QRW UHYHDO WKH FDUERQ XVH
HIILFLHQF\ EHFDXVH WKH PDQDJHPHQW RI WKH V\VWHPV WKDW KDUYHVWHG WKH
LPSRUWHGFDUERQZHUHQRWVWXGLHG%LDVFDQRFFXULIWKHV\VWHPH[DPLQHGLV
GLIIHUHQWLQWHUPVRIWKHFDUERQXVHIURPWKDWRIWKHIDUPZKHUHWKHLPSRUWHG
FDUERQZDVKDUYHVWHG)RUH[DPSOHWKHV\VWHPH[DPLQHGXVHVWKHLPSRUWHG
FDUERQWRIRRGDQGVRLOHIILFLHQWO\EXWWKHRULJLQRIWKHFDUERQLVLQDV\VWHP
ZLWKQRWDEOHFDUERQORVVHV7KHXQFHUWDLQW\LVKLJKHULQV\VWHPVWKDWLPSRUW

KLJKYROXPHVRIFDUERQ,QWKLVVWXG\WKHSURSRUWLRQRIWKHLPSRUWHGFDUERQ
RXWRI WKH WRWDOYDULHGEHWZHHQDQGRQWKHUHVRXUFHOLPLWHG IDUPV
DQG EHWZHHQ  DQG  RQ WKH EHWWHURII IDUPV 7KH VLPLODULW\ RI WKH
FDUERQDOORFDWLRQ UHVXOWVEHWZHHQ WKH UHVRXUFHOLPLWHGDQGEHWWHURII IDUPV
LQFUHDVHVWKHSUREDELOLW\WKDWWKHRULJLQRIWKHLPSRUWHGFDUERQLVVLPLODUWR
WKDWLQWKHV\VWHPH[DPLQHG
7KH FRQWUDVWLQJ FDVH UHJLRQV LQ WKH+LJKODQGV RI (WKLRSLD H[SUHVVLQJ D
EURDG UDQJH RI UHVRXUFH DYDLODELOLW\ DQG WKH VPDOOKROGHU PL[HGIDUPLQJ
V\VWHPV WKDW DUH PRVW FRPPRQ LQ WKH FRXQWU\ PDNH WKH UHVXOWV
UHSUHVHQWDWLYH IRU (WKLRSLD 7KH VLPLODULW\ RI WKH UHVXOWV LQ WKH YDULRXV
UHJLRQVVXSSRUWVWKLVJHQHUDOLW\(PSLULFDOGDWDJDWKHUHGRYHU\HDUSHULRG
FRYHULQJDUHSUHVHQWDWLYHUDQJHRIZHDWKHUYDULDWLRQSURYLGHDVWURQJEDVLV
IRU HVWLPDWHV RI WKH IORZV DQG ORVVHV RI KDUYHVWHG DQG LPSRUWHG FDUERQ LQ
(WKLRSLDQ IDUPLQJ V\VWHPV ,QWHUYLHZV DQG SDUWLDO UHOLDQFH RQ SXEOLVKHG
OLWHUDWXUH DOO FRQWDLQ D GHJUHH RI XQFHUWDLQW\ 7R GHFUHDVH WKH HUURUV WKH
UHVXOWVZHUHGRXEOHFKHFNHGXVLQJVHYHUDOGDWDVRXUFHV
&DUERQ IORZV FRQVLVWLQJ RI HVWLPDWHV FRPLQJ IURP WKH OLWHUDWXUH DQG
PXOWLSOHGDWDVXFKDVWKHIORZRIFDUERQLQKD\IURPUDQJHODQGWROLYHVWRFN
VXEV\VWHPV DQG WKH IORZ RI FDUERQ LQ PDQXUH DQG FRPSRVW UHVXOW LQ WKH
JUHDWHVW XQFHUWDLQW\ ,Q FRQWUDVW WKH XQFHUWDLQWLHV RI WKH IORZV HVWLPDWHG
EDVHGRQRXURZQHPSLULFDOPHDVXUHPHQWVVXFKDV\LHOGVZHUHVPDOOHU'XH
WRWKHKLJKOHYHORIXQFHUWDLQW\RI WKHVL]HRI WKHFDUERQIORZVWKHUH LV WKXV
XQFHUWDLQW\DERXWWKHRUGHURIWKHJUHDWHVWFDUERQORVV,,
4.3 POTENTIAL OF AGROECOLOGICAL PRACTICES 
FOR SEQUESTERING CARBON IN SOIL 
,Q .RER WKH FDUERQ VWRFNV YDULHG IURP  WR  W KD D VLQJOH
GLVFUHSDQWYDOXH IRU WHUUDFLQJH[FOXGHGDQG LQ6LUH IURPWR WKD
)LJXUH  ,QPRVW RI WKHSDLUV RI SORWV WKH VRLO FDUERQ VWRFNZDVKLJKHU
XQGHU WKH DJURHFRORJLFDO SUDFWLFH WKDQ XQGHU WKH WUDGLWLRQDO SUDFWLFH
SDUWLFXODUO\ LQ WKH DJURIRUHVWU\ DQG UHVWUDLQHG JUD]LQJ SORWV ,Q WKH
DJURIRUHVWU\ SORWV WKH FDUERQ DFFXPXODWLRQZDV RQ DYHUDJH 0J KD \
FRQILGHQFH LQWHUYDO &,± DQG LQ WKH UHVWUDLQHGJUD]LQJSORWV
0J KD \  &, ± KLJKHU WKDQ LQ WKHLU FRQWUROV ,Q UHODWLYH
WHUPVWKHVRLOFDUERQVWRFNZDVLQWKHDJURIRUHVWU\SORWV(95% CI: 3±
  W KD KLJKHU DIWHU ± \HDUV RI WKH SUDFWLFH LQ WKH UHVWUDLQHG
JUD]LQJSORWV&,±WKDKLJKHUDIWHU±\HDUVDQG
LQ WKH IDUPODQG WHUUDFLQJ SORWV  &, ±  W KD KLJKHU
DIWHU±\HDUV WKDQ LQ WKHLUDGMDFHQW WUDGLWLRQDOO\PDQDJHGFRQWUROSORWV
,,,7KHFRPPRQUHODWLYHJDLQDYHUDJHGDFURVVWKHDJURHFRORJLFDOSUDFWLFHV
ZDV &, ±KLJKHU WKDQ LQ WKH FRQWUROSORWV PHGLDQV
DQG0JKDS    
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Figure 10. Carbon stocks in plo
with existing agroe
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VKRUWHU GXUDWLRQ WLPH RI WHUUDFLQJ DPRQJ WKH SUDFWLFHV LQYHVWLJDWHG ZDV
WDNHQLQWRDFFRXQW7KHVKRUWGXUDWLRQPD\KRZHYHUKDYHEHHQDSURSHUW\
RI WKH WHUUDFLQJ SUDFWLFH XQGHU FRQGLWLRQV LQ (DVW $IULFDZLWK KLJK HURVLRQ
UDWHV
7KH VRLO FDUERQ VWRFNV RI WKH WUDGLWLRQDO DJULFXOWXUDO ODQGV ZHUH HYHQ
ORZHUWKDQSUHYLRXVO\SXEOLVKHGYDOXHVLQ(WKLRSLD6LOODQSll6RORPRQ
HWDO/HPPDHWDO*HODZHWDO7KLVPD\KDYHEHHQGXH
WR\HWZRUVHQLQJRQJRLQJVRLOGHJUDGDWLRQRUKLJKHUSUHFLSLWDWLRQLQUHJLRQV
ZKHUH SUHYLRXV VWXGLHV XVHG IRU FRPSDULVRQ ZHUH FRQGXFWHG UHVXOWLQJ LQ
ODUJHU ELRPDVV SURGXFWLRQ 7KH DJURHFRORJLFDO PDQDJHPHQW SUDFWLFHV
H[SORUHGHPSLULFDOO\LQWKLVVWXG\VKRZHGHYHQJUHDWHUFDUERQVHTXHVWUDWLRQ
SRWHQWLDO WKDQ WKRVH IHZ SURSRVHG HDUOLHU 7VFKDNHUW  )DUDJH HW DO
6PLWKHWDO+RZHYHUSUHYLRXVHVWLPDWHVZHUHPDLQO\EDVHGRQ
SURFHVVPRGHOOLQJ VWXGLHV GHYHORSHG DQG YDOLGDWHG XQGHU WHPSHUDWH
FRQGLWLRQV IRUGLIIHUHQW W\SHVRI IDUPLQJV\VWHPV WKDQ WKRVH UHSUHVHQWHG LQ
(DVW$IULFD $QGUpQHWDO7KHKLJKHUFDUERQDFFXPXODWLRQPD\DOVR
KDYHEHHQWKHUHVXOWRIJUHDWHUDFWXDOVRLOGHJUDGDWLRQUDWHVWKDQKDYHXVXDOO\
EHHQXVHGLQSURFHVVPRGHOV&RQVHTXHQWO\WKHQHZHTXLOLEULXPIRUWKHVRLO
FDUERQ VWRFN RI WKH LPSURYHG PDQDJHPHQW SUDFWLFH ZRXOG KDYH EHHQ LQ
UHDOLW\ IXUWKHU DZD\ IURP WKH FXUUHQW VRLO FDUERQ VWRFN 'XH WR WKLV KLJK
UHVWRUDWLRQ SRWHQWLDO WKH LQLWLDO DFFXPXODWLRQ UDWH DW LPSOHPHQWLQJ WKH
DJURHFRORJLFDOPDQDJHPHQWSUDFWLFHVZRXOGKDYHEHHQYHU\KLJK
7KH GLVWULEXWLRQ RI FDUERQ LQ WKH VRLO LV LQIOXHQFHG E\ YHJHWDWLRQ DQG
FOLPDWH$FFRUGLQJ WRJOREDOHVWLPDWHVE\-REEiJ\DQG-DFNVRQ WKH
WRSFPLQVKUXEODQGVDQGJUDVVODQGVFRPSULVHRQDYHUDJHDQG
RI WKHVRLOFDUERQVWRFN UHVSHFWLYHO\ UHODWLYH WR WKH ILUVWPHWUH'HHSHUVRLO
KRUL]RQVFDQDOVRVHTXHVWHUQRWDEOHDPRXQWVRIFDUERQDVWKHWXUQRYHUWLPH
DQGFKHPLFDOUHFDOFLWUDQFHRIWKH620LQFUHDVHZLWKGHSWK/RUHQ]DQG/DO
,QWKH±FPOD\HUWKHSURSRUWLRQRIVRLOFDUERQLV±IRU
VKUXEODQGV DQG JUDVVODQGV DQG LQ WKH ±±FP OD\HU  IRU
VKUXEODQGVDQGIRUJUDVVODQGV-REEiJ\DQG-DFNVRQ
7KH DYDLODELOLW\ RI EDVHOLQH GDWD RQ VRLO FDUERQ VWRFNV DQG ORQJWHUP
H[SHULPHQWVIRUVRLOFDUERQVHTXHVWUDWLRQZRXOGLQFUHDVHWKHUHOLDELOLW\RIWKH
DVVHVVPHQWV RI WKH FDUERQ VHTXHVWUDWLRQ SRWHQWLDO RI WKH DJURHFRORJLFDO
PDQDJHPHQWSUDFWLFHV7KHSORWVRIWKHDJURHFRORJLFDOSUDFWLFHVPD\DOUHDG\
KDYH FRQWDLQHG PRUH FDUERQ DW WKH WLPH RI DGRSWLQJ WKH LPSURYHG
PDQDJHPHQW SUDFWLFHV DQG WKH VRLO FDUERQ VWRFN LQ WKH FRQWURO SORWVPD\
DOUHDG\ KDYH LQFUHDVHG RU GHFUHDVHG GXULQJ WKH WLPH WKH DJURHFRORJLFDO
PDQDJHPHQW SUDFWLFH ZDV LQ XVH +RZHYHU FRPSDULVRQ RI WKH PDWFKHG
DGMDFHQW SORW SDLUV RI WKH WUDGLWLRQDO DQG DJURHFRORJLFDO SUDFWLFHV WKH
VLPLODULW\ RI ZKLFK ZDV FRQILUPHG DQG DGHTXDWH UHSOLFDWHV LQFUHDVHG WKH
UHOLDELOLW\ RI WKH UHVXOWV 7KH KLJK FRUUHODWLRQ RI WKH VRLO FDUERQ VWRFNV
EHWZHHQ WKH FRQWURO DQG DJURHFRORJLFDO SORWV )LJXUH  VXJJHVWV WKDW WKH
SDLULQJZRUNHGDQGWKHUHVXOWVDUHUHOLDEOH
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7R DVVHVV WKH VHQVLWLYLW\ RI WKH UHVXOWV WR WKHPHWKRG RI TXDQWLI\LQJ WKH
VRLO FDUERQ VWRFNV WKH UHVXOWV EDVHG RQ WKH IL[HGGHSWK DSSURDFK ZHUH
FRPSDUHGZLWKWKRVHRIWKHHTXLYDOHQWVRLOPDVVDSSURDFKZKLFKWDNHVLQWR
DFFRXQW WKH SRVVLEOH FKDQJH LQ VRLO ǏE DV D UHVXOW RI WKH PDQDJHPHQW
SUDFWLFHV (OOHUW DQG%HWWDQ\  7KHǏEGLIIHUHQFHVZLWKLQ WKHPDWFKHG
SDLUVZHUH VPDOO UHVXOWLQJ LQ VPDOOGLIIHUHQFHVEHWZHHQ WKHDSSURDFKHV ,Q
WKH DJURIRUHVWU\ SORWV WKH FDUERQ FRQFHQWUDWLRQ ZDV  KLJKHU LQ WKH
UHVWUDLQHG JUD]LQJ SORWV  KLJKHU DQG LQ WKH WHUUDFLQJ SORWV  KLJKHU
WKDQLQWKHWUDGLWLRQDOO\PDQDJHGSORWVRQDYHUDJH&RPSDULVRQRIWKHIL[HG
GHSWKDQGVRLOPDVVEDVHGFDOFXODWLRQVFRQILUPHGWKDWWKHUHVXOWVZHUHQRW
RYHUHVWLPDWHGLQWKLVVWXG\
4.4 SCALING UP THE BENEFITS OF THE 
AGROECOLOGICAL PRACTICES FOR FOOD 
SECURITY AND CLIMATE CHANGE MITIGATION  
4.4.1 PREREQUISITES FOR CREATING BENEFITS THROUGH 
CARBON PAYMENTS 
&XUUHQWO\ WKH ODFN RI UHZDUGLQJ PHFKDQLVPV IRU DJULFXOWXUDO FDUERQ
VHTXHVWUDWLRQ SUHYHQWV VPDOOKROGHUV JDLQLQJ ILQDQFLDOO\ IURP UHDOL]LQJ WKH
PLWLJDWLRQSUDFWLFHV7KH ODFNRIPHWKRGVVXLWDEOH IRUYHULI\LQJVRLO FDUERQ
KLJKWUDQVDFWLRQFRVWVDQGYDJXHODQGRZQHUVKLSZHUHFRQVLGHUHGDVEDUULHUV
KLQGHULQJ WKH VFDOLQJ XS RI WKH FDUERQ VHTXHVWUDWLRQ SURMHFWV ,Q DGGLWLRQ
ORZDQG IOXFWXDWLQJSULFHVRIFDUERQ WKH WLPH ODJEHWZHHQ LQYHVWPHQWVDQG
UHZDUGDQGODFNRILQYHVWPHQWVXSSRUWDUHLQFRLQFLGHQFHZLWKRXUILQGLQJV
RIWHQPHQWLRQHGDVFRPSOLFDWLQJSURMHFWLPSOHPHQWDWLRQ-LQGDOOHWDO
%U\DQ HW DO  )RU GHYHORSPHQW RI WKH FDUERQ SD\PHQW PHFKDQLVP
SUDFWLFHEDVHG YHULILFDWLRQ ZDV FRQVLGHUHG PRUH XVHIXO WKDQ FDVHE\FDVH
YHULILFDWLRQIRUDFKLHYLQJHIIHFWLYHQHVVIRUFOLPDWHFKDQJHPLWLJDWLRQDQGIRU
PDNLQJWKHWUDQVDFWLRQFRVWVPRUHUHDVRQDEOH
(TXDO QHJRWLDWLRQ EDVLV EHWZHHQ WKH GHYHORSLQJ DQG LQGXVWULDOL]HG
FRXQWULHV VWURQJ DQG WUDQVSDUHQW JRYHUQDQFH LQ WKH KRVW FRXQWU\ DQG
FUHDWLQJFRRSHUDWLYHVDPRQJIDUPHUVWRDFKLHYHYROXPHDQGVWUHQJWKHQWKH
FDSDFLW\ RI WKH FRPPXQLWLHV ZHUH FRQVLGHUHG DV FRQWULEXWLQJ WR WKH
HQKDQFHPHQWRIEHQHILWV IRU UXUDO VPDOOKROGHUV(DUO\SD\PHQWVZRXOGDOVR
KDYHUHGXFHGWKHQHHGIRUFUHGLWVGXULQJWKHSURMHFW8UJLQJIRUDERWWRPXS
DSSURDFK DQG LQFUHDVLQJ WKH NQRZOHGJH RI FOLPDWH FKDQJH PLWLJDWLRQ
DGDSWDWLRQ DQG FDUERQ WUDGLQJ DPRQJ VPDOOKROGHUV ZRXOG FRQWULEXWH WR
DGRSWLQJ PLWLJDWLRQ SUDFWLFHV WKDW DUH IHDVLEOH XQGHU ORFDO DJURHFRORJLFDO
FRQGLWLRQV DV ZHOO DV ZRUNLQJ RXW SUDFWLFDO SUREOHPV IURP WKH SUHPLVH RI
ORFDOFRQGLWLRQV

4.4.2 INFLUENCE OF THE AGROECOLOGICAL PRACTICES ON 
MITIGATION, CROP YIELDS AND INCOMES  
$GRSWLRQ RI WKH DJURHFRORJLFDO SUDFWLFHV ZRXOG WKHRUHWLFDOO\ EULQJ DERXW
PXOWLSOHEHQHILWVIRUDYDLODELOLW\DFFHVVVWDELOLW\DQGXWLOL]DWLRQRIIRRGDQG
VLPXOWDQHRXVO\ RIIVHW *+* HPLVVLRQV )LJXUH  $VVXPLQJ WKH FXUUHQW
FDUERQVWRFNRIDJULFXOWXUDOODQGDV0JKDWKHHVWLPDWHGPHGLDQRIWKH
FDUERQ VWRFN RI WKH WUDGLWLRQDOO\ PDQDJHG FXOWLYDWHG ILHOGV ,,, WKH 
FDUERQ VHTXHVWUDWLRQ DFKLHYHG ZRXOG JDLQ  0J & KD \ :KHQ WKH
PLWLJDWLRQSRWHQWLDO IRU WKH WRWDO DJULFXOWXUDO DUHD LQ(WKLRSLD PLOOLRQ
KDLVVFDOHGXSWKHFDUERQVHTXHVWUDWLRQJDLQEHFRPHV0W&\6XFKD
FDUERQ VHTXHVWUDWLRQ ZRXOG FRPSHQVDWH IRU  WLPHV WKH WRWDO *+*
HPLVVLRQVRI(WKLRSLDH[SUHVVHGDVWKH&2H
:KHQDSSOLHGWRSUHYLRXVHVWLPDWHVRI WKH\LHOG LQFUHDVHIRUFHUHDOV/DO
D D 0J & KD \ VHTXHVWUDWLRQ FRXOG LQFUHDVH FURS \LHOGV E\ DV
PXFK DV  NJ KD \ 7DEOH  WKXV LPSURYLQJ WKH DYDLODELOLW\ RI DQG
DFFHVV WR IRRG (TXDO FDUERQ VHTXHVWUDWLRQ ZRXOG FUHDWH LQFRPHV IURP
FDUERQ WUDGLQJ WRWDOOLQJ  ¼ SHU KHFWDUH DW D FDUERQ SULFH RI  ¼ SHU &
WRQQHDQG¼SHUKHFWDUHDWDFDUERQSULFHRI¼SHU&WRQQH6XFKDQ
LQFRPH ZRXOG ZLWKRXW D GRXEW PDNH D GLIIHUHQFH IRU VPDOOKROGHUV ZLWK
PHDQDQQXDOLQFRPHVRI±¼%OXIIVWRQHHWDO7KHFXUUHQWDOO
WLPH ORZHVW FDUERQ SULFH RI DERXW  ¼ SHU & WRQQH WKH UHVXOW RI WRR ORZ
HPLVVLRQ WDUJHWV LV WRR ORZ WR HQFRXUDJH FOLPDWHVPDUW VROXWLRQV &DUERQ
0DUNHW:DWFK
Table 3. Estimated increases for grain yields (kg ha-1 y-1) with 1.8-Mg C ha-1y-1 soil carbon 
sequestration (recalculated from Lal 2010a).
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4.5 FUTURE RESEARCH INTEREST 
:KLOH WKHUH KDV EHHQ FRQVLGHUDEOH SURJUHVV LQ SURGXFLQJ DUJXPHQWV DQG
RSWLRQVIRUV\QHUJLHVRIFOLPDWHFKDQJHPLWLJDWLRQDQGIRRGVHFXULW\HJ/DO
E/DOHWDO6FKPLGKXEHUDQG7XELHOOR:RROIHWDO
6KLQGHOO HW DO  WKHUH LV D QHHG IRU UHVHDUFK IRFXVLQJ RQ WKH
SUHUHTXLVLWHV DQG LQFHQWLYHV WKDW HQFRXUDJH WKH VFDOLQJ XS RI WKH FDUERQ
VHTXHVWUDWLRQ SUDFWLFHV LQ WKH DJULFXOWXUDO VHFWRU 2QH RI WKH PRVW DFXWH
WDUJHWV LV WKH GHYHORSPHQW RI SD\PHQW PHFKDQLVPV IRU FOLPDWH FKDQJH
PLWLJDWLRQLQDJULFXOWXUH)XUWKHUUHVHDUFKVKRXOGDOVRIRFXVRQDVVHVVLQJWKH
PHDQVWRSUHYHQWFDUERQORVVHVDWWKHIDUPOHYHO)HDVLEOHRSWLRQVIRUHQHUJ\
VXEVWLWXWHV IRU PDQXUH DQG VWUDZ LPSURYHG PDQXUH PDQDJHPHQW DQG
VWDELOL]DWLRQRIWKHIRRGDQGIRGGHUVXSSO\IRUFORVLQJWKHFDUERQF\FOHLQWKH
IDUPLQJV\VWHPDUH LPSRUWDQWUHVHDUFKVXEMHFWV0RUHRYHUIXUWKHUUHVHDUFK
LV QHHGHG WRZDUGV QRYHO DJULFXOWXUDO SUDFWLFHV WKDW ZRXOG VHUYH FDUERQ
VHTXHVWUDWLRQ XQGHU GLIIHUHQW DJURHFRORJLFDO FRQGLWLRQV ZKLOH DW WKH VDPH
WLPHFRQWULEXWLQJWRLQFUHDVHGSURGXFWLYLW\RIIRRG

5 CONCLUSIONS AND RELEVANCE 
5.1 SCIENTIFIC CONCLUSIONS 
- 7KH PRVW LPSRUWDQW PHDQV SHUFHLYHG WR HQKDQFH IRRG VHFXULW\
WKURXJK FOLPDWH FKDQJHPLWLJDWLRQ LV LPSURYLQJ IRRG DYDLODELOLW\ IRU
IRRGLQVHFXUH FRPPXQLWLHV WKURXJK VRLO FDUERQ VHTXHVWUDWLRQ E\
DJULFXOWXUDOSUDFWLFHV
- 'HYHORSPHQWRIWKHLQIUDVWUXFWXUHRILQWHUQDOIRRGPDUNHWVLVUHTXLUHG
WR HQKDQFH DFFHVV WR IRRG DW WKH KRXVHKROG UHJLRQDO DQG QDWLRQDO
OHYHOV
- ,QFRPH IURP FDUERQ VHTXHVWUDWLRQ DFWV DV D ILQDQFLDO LQFHQWLYH IRU
VPDOOKROGHUV WR DGRSW SUDFWLFHV WKDW HQKDQFH WKH V\QHUJ\ RI IRRG
VHFXULW\DQGFOLPDWHFKDQJHPLWLJDWLRQ
- ,QFRPH IURP WKH LQFUHDVHG DPRXQW RI PDUNHWHG FURSV D UHVXOW RI
LQFUHDVHGDJULFXOWXUDOSURGXFWLYLW\LVDOVRQHHGHGWRHQKDQFHDFFHVVWR
IRRGDWWKHKRXVHKROGOHYHO
- 6RFLRHFRQRPLFGHWHUPLQDQWVVXFKDVSROLF\FRKHUHQFHIRUSURPRWLQJ
PLWLJDWLRQ DQG IRRG VHFXULW\ VXSSRUWLQJ JRYHUQDQFH FOHDU ODQG
WHQXUH HDUO\ DFFHVV WR ILQDQFLDO LQFHQWLYHV DQG NQRZOHGJH RI WKH
FDUERQ PDUNHW SOD\ WKH PRVW LPSRUWDQW UROHV LQ WKH SRWHQWLDO RI
PLWLJDWLRQIRUHQKDQFLQJIRRGVHFXULW\
- 7KH PDMRU ORVVHV RI FDUERQ IURP IDUPLQJ V\VWHPV DUH JDVHRXV
RULJLQDWLQJPDLQO\ IURPELRPDVV EXUQLQJ IRU KHDW HQHUJ\ QHHGV DQG
IURPOLYHVWRFNPHWDEROLVP
- 7KHSURSRUWLRQRI FDUERQXVHG IRUHQHUJ\GHWHUPLQHV WKHSURSRUWLRQ
HQGLQJXSLQVRLO(QHUJ\VRXUFHVDOWHUQDWLYHWRPDQXUHDQGVWUDZDQG
WHFKQRORJLHVXVLQJORZDPRXQWVRIIXHODUHQHHGHGWRLQFUHDVHWKHXVH
RIFDUERQLQVRLODQGWRUHGXFHHPLVVLRQV
- 0)$LVDXVHIXOWRROIRUWUDFNLQJWKHIORZVDQGORVVHVRIKDUYHVWHGDQG
LPSRUWHG FDUERQZKHQPHDVXUHPHQWRI JDVHRXV FDUERQ ORVVHV LV QRW
IHDVLEOH 6XFK DVVHVVPHQWV JXLGH XV WRZDUGV WKH VXVWDLQDEOH XVH RI
FDUERQ
- 7KHUH LVDJUHDWHUSRWHQWLDO WKDQSUHYLRXVO\HVWLPDWHGIRUVRLOFDUERQ
VHTXHVWUDWLRQLQ(WKLRSLDQDJULFXOWXUH
- 7KHDGMDFHQWSORWLQWUDGLWLRQDOIDUPLQJUHSUHVHQWVDXVHIXOFRQWUROIRU
DVVHVVLQJWKHVHTXHVWHULQJSRWHQWLDORIQRYHODJULFXOWXUDOSUDFWLFHV
- 7KHVL]HRIWKHVRLOFDUERQVWRFNLQWKHWUDGLWLRQDOO\PDQDJHGFRQWURO
SORW GHILQHV WKH GLIIHUHQFH LQ VRLO FDUERQ VWRFNV EHWZHHQ WKH
DJURHFRORJLFDOSUDFWLFHVDQGWKHLUFRQWUROV
- 7KHKLJKHU SRWHQWLDO IRU VRLO FDUERQ VHTXHVWUDWLRQRI WKHDJULFXOWXUDO
SUDFWLFHVHVWLPDWHGLQWKLVVWXG\E\HPSLULFDOPHWKRGVFRPSDUHGZLWK
SUHYLRXVO\ SXEOLVKHG UHVXOWV LV PRVW OLNHO\ H[SODLQHG E\ WKH
&21&/86,216$1'5(/(9$1&(
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GHYHORSPHQW DQG YDOLGDWLRQ RI WKH SURFHVV PRGHOV XVHG XQGHU
WHPSHUDWH FRQGLWLRQV IRU PRQRFURSSLQJ V\VWHPV WKDW DUH QRW
UHSUHVHQWDWLYHLQ(DVW$IULFDDQGIRUFRQGLWLRQVXQGHUZKLFKWKHVRLO
FDUERQVWRFNLVFORVHUWRWKHQHZHTXLOLEULXPWKDQLQ(WKLRSLD&OLPDWH
FRQGLWLRQVLQWHUFURSSLQJWUHDWPHQWDQGDVVHVVPHQWRIWKHGLVWDQFHRI
WKH VRLO FDUERQ VWRFN WR WKHQHZHTXLOLEULXPVKRXOGEH LQFRUSRUDWHG
LQWRSURFHVVPRGHOVWRLPSURYHWKHLUDGHTXDF\IRUIDUPLQJV\VWHPVLQ
(DVW$IULFD
- $VVXPLQJWKHUHDUHDJURHFRORJLFDOSUDFWLFHVWKDWZKLOHPDLQWDLQLQJRU
LQFUHDVLQJ IRRGSURGXFWLRQ WXUQ DJULFXOWXUDO VRLOV LQWR FDUERQ VLQNV
WKHVHZRXOGSURYLGHWKHWHFKQRORJLFDOSRWHQWLDOWRFRPSHQVDWHIRUWKH
FXUUHQWWRWDODQWKURSRJHQLF*+*HPLVVLRQVLQ(WKLRSLD
5.2 POLICY RELEVANCE 
- 7KH KLJK SRWHQWLDO RI FOLPDWH FKDQJH PLWLJDWLRQ ZLWK IRRG VHFXULW\
V\QHUJLHV LQ 66$ DJULFXOWXUH RIIHUV QHZ RSSRUWXQLWLHV IRU JOREDO
FOLPDWHSROLF\
- $GGUHVVLQJ NH\ LVVXHV IRU PLWLJDWLRQ LPSDFWV DOWHUQDWLYH HQHUJ\
VRXUFHVIRUPDQXUHDQGVWUDZWHFKQRORJLHVXVLQJORZDPRXQWVRIIXHO
DQGSURGXFWLYLW\RIFDWWOHLQQDWLRQDOO\DSSURSULDWHPLWLJDWLRQDFWLRQV
1$0$VZRXOGEHQHHGHGIRULQFUHDVHGFDUERQDFFXPXODWLRQ
- 6HOHFWLYH FDUERQ DFFRXQWLQJ WKDW UHFRJQL]HV WKH DJURHFRORJLFDO
FRQGLWLRQV SUDFWLFHEDVHG YHULILFDWLRQ DQG VRLO GHJUDGDWLRQ UDWH
HQDEOHWKHDFFXUDF\QHHGHGIRUYHULI\LQJWKHTXDQWLW\RIVRLOFDUERQ
- 6PDOOKROGHU FDUERQ WUDGLQJ IRU JOREDO FOLPDWH HTXLW\ UHTXLUHV HTXDO
QHJRWLDWLRQ SRVLWLRQV EHWZHHQ WKH GHYHORSLQJ DQG LQGXVWULDOL]HG
FRXQWULHV
 
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DFNQRZOHGJHG IRU WKH OLQJXLVWLF UHYLVLRQ RI WKLV WKHVLV , WKDQN 3URIHVVRU
5HLPXQG 5|WWHU WKH FRRUGLQDWRU RI WKH $OWHU&/,0$ SURMHFW IRU WKH
RSSRUWXQLW\ WR FDUU\ RXW UHVHDUFK LQ WKH SURMHFW , WKDQN (OLVH .HWRMD IRU
FRQGXFWLQJ WKH VWDWLVWLFDO DQDO\VHV VR FDUHIXOO\ DQG ZLWK JUHDW H[SHUWLVH ,
WKDQN0HUMD(XURODDQGWKHVWDIIDWWKH/8.(6RLO/DEIRUWKHVRLODQDO\VHV,
ZLVK WR DFNQRZOHGJH WKH KHOS SURYLGHG E\ %HOD\ 7VHJDQHK .LEURP%HUKH
0HOHVVH$EHUD*LUPD 6KXPL DQG.DVVDX IRU KHOSLQJPH WR FROOHFW GDWD LQ
(WKLRSLDDQGDOOWKHIDUPHUVZKRZHUHZLOOLQJWRSDUWLFLSDWHLQWKHLQWHUYLHZV
DQGZKRJDYHPHSHUPLVVLRQWRWDNHVDPSOHVRQWKHLUODQG
, ZLVK WR H[SUHVV P\ JUDWLWXGH WR 0LLD DQG +DQQD LQ WKH $JULIRRG
5HVLOLHQFH*URXS0LOD6DUL5LLWWD7DUX+DUULDQGWKHZKROH/8.(0LNNHOL
JURXS , KDYH EHHQ IRUWXQDWH LQKDYLQJ D FKDQFH WRZRUNZLWK VXFK D JUHDW
JURXSRIVFLHQWLVWV,WKDQNP\FROOHDJXHVLQ9LLNNLDQGRIILFHPDWHV+DQQD
.DUL 6DUL DQG 7DUMD <RX KDYH DOO FUHDWHG YHU\ SOHDVDQW DQG VXSSRUWLYH
ZRUNLQJDWPRVSKHUH
0\ZDUPHVWWKDQNVWRDOOP\IULHQGVDQGUHODWLYHVIRU\RXUVXSSRUWRYHU
WKH\HDUV7KDQN\RX,UMDDQG(HYDIRUWKHGD\FDUHRI'RE\DQGDOO\RXURWKHU
KHOS7KDQN \RX5XVND3DWL(HGL DQG(EEH IRU \RXU VXSSRUW DQG UHOD[LQJ
PRYLH DQG WKHDWUH HYHQLQJV 7KDQN \RX 0RP DQG 'DG IRU DOO WKH KHOS
VXSSRUWDQGFDUH,¶YHUHFHLYHGIURP\RXDOOWKHVH\HDUVHVSHFLDOO\IRUWDNLQJ
FDUHRI.HUWWXDQG'RE\ILOOLQJRXUIUHH]HUZLWKEOXHEHUULHVDQGOLQJRQEHUULHV
DQG GULYLQJ PH DURXQG 7KDQN \RX 'RE\ IRU DOZD\V EHLQJ KDSS\ DQG IRU
WDNLQJ PH RQ UHIUHVKLQJ ZDONV /lPPLQ NLLWRV \VWlYLOOH MD VXNXODLVLOOH
WXHVWDQQH YXRVLHQ YDUUHOOD .LLWRV ,UMD MD (HYD 'RE\Q SlLYlKRLGRVWD MD
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NDLNHVWD DYXVWD MRWD ROHQ WHLOWl VDDQXW .LLWRV 5XVND 3DWL (HGL MD (EEH
NDQQXVWXNVHVWD MD \KWHLVLVWl YLUNLVWlYLVWl HORNXYD MD WHDWWHULLOORLVWD .LLWRV
lLWL MD LVL NDLNHVWD DYXVWD WXHVWD MD KXROHQSLGRVWD MRWD ROHQ WHLOWl VDDQXW
QlLGHQ YXRVLHQ DLNDQD PP .HUWXQ MD 'RE\Q KRLGRQ PHWVlPDUMRMHQ MD
DXWRN\\WLHQPXRGRVVD
7KDQN \RX GHDU +HLPR IRU \RXU XQHQGLQJ VXSSRUW SDWLHQFH
XQGHUVWDQGLQJ DQG ORYH ZLWKRXW ZKLFK WKLV WKHVLV ZRXOG QHYHU KDYH EHHQ
FRPSOHWHG7KDQN\RXIRUDOOWKRVHGHOLFLRXVPHDOV\RXPDGHLQWKHHYHQLQJV
ZKHQ,ZDVZRUNLQJ ODWH7KDQN\RXP\GHDUGDXJKWHU.HUWWX IRUVKRZLQJ
PHWKHPRVWLPSRUWDQWWKLQJVLQOLIH
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